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Metal Detector 

In part 1 Gavin Cheeseman looks at 
the design of métal detectors and 
provides some basic circuits. 


Solar Fiare 

Ray Keni describes an easy-to-build 
hybrid computer/board game witha fot 
of excitement. 


LED Flashing Display & 
Signal Generator 

John Mosely assembles two Mini Kits 
from Velleman - each under a fiver! 


Note Book Computer 

Power Supply Project 

Neil Johnsoa of Cambridge 
Consultants Ltd., discusses the désign 
of a compact 42V to 6V switching 
répulator, and gives supgestions on 
how it can be. adapted for other 
applications and valtages. 





Features 
g 


A Truly Digital Solution 
Stephen Weddington visits Cambridge 
to fook at @ new speaker technolasy 
ihat could see the first truly digital 
audio systems within the next two years. 


The Royal International Air 
Tattoo 1999 - Competition 

To be held at RAF Fairfard Gloucestershire 
on 24/25 July‘and we have 15 pairs 
of adult tickets for this spectacular 
day oul to give away in a free draw! 


12 


Digital Video & Digital VHS 
Reg Mites looks at the latest 
development in the world of digital 
video and digital VHS. 


20 
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Signalling By Means 

of Visible Light 

tn Pant 2, George Piclavorth Looks At 
Artificial Light & Light Beam Telephony. 


Words of Science 
Gregg Grant recalls some of the 
glonous machines of yesteryear. 


the World of 3-D 
fn part tyro, Mike Bedford looks at. 
holography and stereoscopic CRT screens. 


Canon Printers 
Jonn Mosely reviews four of ihe Tatest 
bubble fet colour printers from Canon. 


Analysing Mars. 

An this article David Clark looks at 
some of the'science behind one 
particular instrument used on the 
Pathfinder mission. 


Towards a Theory of Everything 
Dougias Clarkson delves inte the 
universe, particle physics. and tife! 


Using 7-Segment Displays 

In pari 2 Ray Marston jooks at 
practical 7-segment decoder/driver ICs 
in this concluding part of this Soecial 
feature article. 
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ow that spring is here,.and the weather, _ 
N hopefully, is improving, we have a project for 

the outdoors - a metal detector. In part one, 
Gavin Cheeseman has a look at the theory and 
some possible designs. With part.2 of the project 
next month, there wi!l be a short article from 
Gordan Bailey, who for 30 years has been searching 
the soil, and he gives an insight Into the tricks of 
the trade along with details of the astonishing 
treasures he has uncovered. 

For indoor feisure. pursuits we have Solar Flare an 
electronic board game that can be very addictive, 
and indeed makes a pleasant change from the 
computer screen! | 

Whether we like It or not, the digital revolution is 
continuing at.an unstoppable rate, so this month we 
have two articles on the very latest technologies - 
digital video/digital VHS, and the digita! ioudspeaker 
from 1....Ltd. of Cambridge. This latter development 
could well revolutionise the way we listen to music, 
and it is good to see-a British company leading the 
field. Stephen Waddington paid them a visit to hear 
for himse!f and check on developments. 

For readers who like some thought provoking 
reading, then Douglas Clarkson delves into the. 
universe, particle physics, and life with his article 
Towards A Theory of Everything. 





oa = 
f 
“. 
ww 





a Theory ‘of m Foy . a as Bald NFC’s new deskiap computer is | including a built-in fac panel 
Everythi in g ethhats, borct 2 concept that features 2 display, is a seli-contained 
_. 0 pani etter: revolutionary form factor and 2 system with 2 footprint that 
acne: eee combination of technologies measures 10.50. wide by 7.7in. 
: . ey ok Compares unlike that found in any other : deep by 2.6in, high. 
ee ; 7 for ‘your Gar desktop personal computer. The : For further details, check: 
: personal computer, code-named : <www.nec.co. uk>. 
‘filiennium’. integrates desktop, Contact: NEC, 
mobile and firnure rechnolugies, +: ‘fel: (0181) 993 8111 


tion 





All-Star Signs 10 Piayst 


Mo Vaughn, the All-Star first 
baseman of the Anaheim 
Angels, has signed an exclusive 
deal for MLB 2000 - the latest 
version of the popular baseball 
videogame for the PlayStation 

game consale, sei to be 
Video Systems | available in stores at the ent of 

March 1999. 

For further details. check: 


Britain's Best Magazine for oi paprationco 
the Hlectranics nthusiast re 3 11199 
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Intel Launches Pentium III Processor 


intel aunched the Pentium Ill 
processor at the end of February. 
They claim it is ine first 
microprocessor designed to 
power a new Intemet experience 
filled vath rich audio, video, 
animations and 3D that make 
information come ative. The _ 
Pentium Ill processor is availabie 
Immediately at 450 and SOOMHz, 


available in secand quarter 1999, 
The Pentium JH processor at 


: SOOMHZ is 9S percent faster 

: than the Pentium Il processar:at 
: 450MHz. on CPU intensive 30 

: Calculations, as shown by ZifrDavs’ 
; 3D WinBench 98 transform and 
: lighting test. Using Future Reality’s 
: Multimedia Mark multimedia ~ 

: performance benchmark, the 
> Pentium Ul processor at S5OQMHz : 
: is 42 percent faster than the 
while the 550MHz version will be ; 


450IMHz Pentium It processor. 
The new processor also offers a 


; new selectable processar seria! 


Technology for Star Wars 


A new toy iechnology from Hashro that brings a 
whole new type of play to the action figure toy 
carerory through its Star Wits basic action figures, 
The technadlogy. called Communication Owtput 
Memory Module (COMMTech), is a patented. 
microchip system that endbles Hasbro's ney action 
fisures irom Star Wars: Episode | to speak and 
res“rerte key scenes from the movie, 

The new toys, due at rewil in May to coincide: with 





number feature that, ven enabled, 


works in conjunction With security 


: Solutions to provide for more secure 
“: intemeéi transactions. Corporate IT 
: Managers vill be able to use the 
: processor sera! number feature to 

: enhance asset management, 
: Making it easier to track PCs and 
applications on the netvyvork: 


For further deizils, check: 


: <wew.intel.com/procs/perf>, 


Contact: intel, 


: Tel: (01793) 403000. 





: ite filny's reicase, pair the basic, four-inch Star Wass 

? nation deures from the new movie with digital audio 

: COMMTech chips. To play; the child stands each figure 

: on its COMMTéch chip base, then scans the chip 

: across a COMM Tech Reader unit. The fizures then 

: Speak with key character movie dialogue and many of 

: then can respexie io each other as they do in the mnié. 
Ror firther details, check: <waw.hasbro. com>. 
Contact: Hasbro Interactive, Ted: +1 410 368 2377, 











MG! PhotoSuite, is to be inciured 
with Sony's Mavica MVO-FD81 and 
1LAVG-FDS1 digtal cameras. ina 
promovor that will nin throughout: 
2999, Customers will recene'a tree 
Starters Edition copy of MGI 
PaoioSuite when they putchase 
eter canera fram Dixons stores, 
For further details, 
check: “pw. Bgisoft.cos> 
Contact: MGI, 
te (ctr 365 0034, 


iT People 'Want 


To: ‘Be Treated 
Normally 





People warking in the computer 
industry would (lke iT issues to 
have more of an ‘antertainment 
factor’, according to research 
conducted by Britannia Software: 

Britannia spake to one 
hundred IJ professionals as part 
of research into custemer 
communication. Elehty pércent 
of those questioned belfeved : 
there was too much jargon 
associated with IT, wich was a 
‘turn-off’ both for these already 
in the profession and those 
thinking of joining.” 

Sixty-two percent of. those 
questioned thought theré was a 
lack of space and attentian. 
given to IT in the mainstream 
media, with few being” able to 
mention existing technalogy 
radio/TV slots. Others thought 
there was tenorance of industry 
issues, with coverage on 
important topics such as Y2K 
often being ‘alarmist’ rather 
than informative. 

Far further détalis, check: 
<wivw. britantita-saftware.com>. 
Contact: Britannia Software, 

Tel: (0484) 694. 9494, 


Welsh 2m'‘Radio 


‘Amateur: ‘Mast:to 
Close. ; 


The woumerve radio amateur 
repeater GB3AR, which covers ihe 
nolh-west Coast of Wales, Sta 
chose down at 135 present site 
towards the end of ilarch. The 
reason is a sharp increase in the 
rental for use:of the site yiech is. 
owned ly NTL. Whilst. regretting this 
ca cbamen, ine Arfon Repeater. 
Group is remaining’ pesive and &: 
actively looking t for other sttes. 
Furthes infannation can besobtafred 
fom ihe repeaier Keener, Baan: 
Osvies, GWAKAZ. 

For further: details, check 
“ew. TSgb.org>, 

Contact RS&H; 
Tek (04707) 659045, 
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V0 Alliance Is Out | 
The YO allfance, melding IBM, 
3Com, Hevwiett-Packard, Adapiec. 
and Compaq has announced nev 
partnierchigs, & timeline, and ceiaits 
of the Future VO specification, 
désisned to increase hy skteen 
times the curent speed of data 
Tansmission between databases, 
networss printers, and other devices 
that connect lo a computer. 

For funher details, 
check: <www. tbo. com. 
Comact: IBM, Tet: (0980) —s 
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Digital Watermark 


Standard 


The 50 called Galaxy Group of 
consumer electronics companies 
- IBM, NEC, Hitachi, Pioneer and 
Sony - have agreed on a new 
digital ‘watermark’ standard far 
preventing legal copying of 
digital matertal. The watermark 
is an in¢detible binary code 
embedded in each frame of.a 
digital recording 50 that a digital 
recording device wilt refuse to 
make a copy recognised as 
unauthorised, 

For furtiter details, 
check: <wiw. iia. com>. 

Contact: {BN Tet (0890) ad 


Upgrade 


— or — | 





Available 'On'‘Sony 
Vaio Modems. 





Portable communications 
‘specialist PPCP has announced 
‘GSM, ISDN and 10BaseT 
Ethemet upgrades for the 56K 
modems bundled with Sony's 
ultra-slim, lightweight Vaio 
notebook range: Once the 
modem is upgraded via a 
software patch, Valo users can 
send and recelve data and faxes 
from virtually any tocation, by 
high-speed analogue cr digital 
land-llne, or by GSM connection. 

For furiher detaiis, 
check: Sad. ppep.co.uk>, 
Contact: PPCP, 
ict (0182) 833 al te 


Five Years’ 


Data ‘Salvaged iin 
Five Days 


Data recovery firm Ontrack has 
salvaged five years’ worth of 
data for a firm of electrical 
contractors. The campany 
recently lost irrepiaceable 
financial records due to a faulty 
shard disk drive. Ontrack saved 
160% of the data in five-days. 
Physical damage had made 
the files on the removable 
media cartiége unreadable. fan 
Goddard Cantracters sent the 
drive back to the manufacturers 
who recommended Ontrack, An 
experienced engineer was then 
able to opan it up and examine 
it in the Ontrack clean room. 
Far further details, 
check: owdtontrack.co.uk>, 
Contact: Ontrack, 
Tel: (G1372} 742989. 





| A US engineering ream led by 





Nisiel is set to launch a series of Infel powered toys 
ready for next Christmas. The Intel Play <3 ivicrascape 


and Intel Play Me2Cam, will be available from Mattel 


in Autumn, Tne products have been joinuy designed 
and developed by a team of engineers and toy 
designers from the fo companies: 

With the Intel Play X3 Microscope, children can 
magnify and display microscopic objects on their PC 
screens and then play with the images in creative 
ways. The micrescope uses digital video imaging 
technology to let kids view, enlarge and save 
images of bugs, plants and other everyday objects. 


The intel Pay Me2Cam creates a whole new system 
of play Where children see themselves on the 
computer screen and use their own bodies to navigaie 
im 3 Virtual word. The Me2Cam system comes wath & 
digftal ideo cemera and CD-ROM software. 
Meanvnile Purple Moon, the US start-up that 
attempted to pioneer computer games aimed at 
girls, has closed its doors. The canipany cited 
ovenmhelming competition from major toymeakers 
fike Matte! and Hasbro, which were able to te their 





: computer game offerings to popular toys such as 


- PEGA bead SPP TELL ep eeeeee 


Barbie and My Little Pony. 
For further details, check: <waw. intel .com. 
Contact: Intel, tel: (01793) 403000. 
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MIT Team Builds 40-Ton Magnet 


MIT has coinpleted « Hon 
mugnet thar, when combined 
with asimilar magnet in Japan, 
will sérve a5 a test bed for the 
researchers” uluimate goal: 2 
mupmet weighing §300 tons that 


Shrink To Fit 


IBM has found’a way to efficiently place both logic 
and memory circuits on‘a single. piece of silican 
enabling comolete electronic systems ta be built 
an a single silicon chip. 

Logic circuits process information, while 
memory circuits store information; the two are 


used in tandem io add intelligence fo electronic 


producis. Until now. the two functions have 
nonnally been provided on separate chips, adding 
camplexity and cost. 

IBM claims that this could significantly enhance 
the perionmence of many electronic products, 
from personal computers to cell phones to video 
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: will be key te) an international 

: experiment on nuclear fusion. 
Some of the technolovies 

? behind the US magnet could 

: also have other upplications. For 

: exampfe, ic emplovs novel 

> superconducting cables wound 
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2 into 2 coil chat could be adapted 
for energy stonige of to siubilise 

: disturbances on a power grid. 

= = For further details, check: 

: <web.mit.edu>. 

: = Contact: MIF, 

> Tel: +7 G17 253 1000, 





gfames, while reducing the number of chips inside, 
making products smaller and tess expensive. 

With IBM's technology, avent-iour millian 
‘paies’, oF Circuits - equal io as much as eight 


: times the processing and two to four times the 


memory found on taday's typical PC - can he 
packed on a single chip. 

According to IBM, this removes a major hurdle in 
the electronics miniatursation rece, clearing ihe 
path to eventual system-on-a-chip products and a 
new wave of pervasive computing devices. IBM 
plans to start designing custom chips vath this 
capability in April af this year. : 

For further details, check: <waw. ibm. com. 

Contact: IBM, Tel: (0990) 426426. 





aGO0m Launches New Pilots” 


3Com has added 
two new products to 
its portfolio of 
handheld computing 
products: the Palm 
V and the Palm Illx 
connected 
Organisers. 

The Pefm V 
organiser has an 
ultra-thin industrial 
design, convenient 
new features - such 
as a rechargeable 
battery so the 
device maintains a 
continuous power 
supply - and a full 
line of matching 


Heat Sensitive 
Projector Cuts Noise 


= Phifips Creative Display Sofutions = 
ie used thermal manapement 
: Software from Homerics to 


create a virtually silent 


: multimedia projector. Projectors 
: of this type of typically noisy due 


to intemal cooling fans. 

Using Flotherm, @ thenmal 
mansgement application from 
Fiomerncs, to determine the air 
fiow, heat Now and temperatures 


yathin the projector, Philips 


engineers were able optiniise ihe 


The projection famp, the 
component 


signals generated by ihe 


: temperature and flow sensors 
: Wes installed to contro! the speed 
: Of the cooling fans. 


Thanks to this new layout, the 


: fan noise, which can often be a 

> major distraction to listeners is 

: virtually undetectable — operating 
: @ jJUSt 33dB{A). This is a 

: Comparable to that of a human 

: Whispers and claims Philips four 
: times tower than the rioise level 
: of ts closest competitor. 

location of the critical components : 
: and create a system with the 
=. coolest possible layout. 


For further details, check: 


: <www. flomerics.com. 


Contact: Flomerics, 


: Tel: (0181) 924 8370. 





accessones. 
The Palm Ix dissipating the 
ormanisey, & new : Mast heat is 
addition to the Palm Placed at the 
I!l product fine, Is designed for consumers and corporate users who = &9d oF the air 
require increased storage capacity for data and applications. The flow chain, So 
Palm ijlix product offers twice the memory, enhanced expandability ; that the hottest 
and improved durabifity over the original Palm Il) product. : air was blown 
Both models feature new advanced liquid crystal display screens |. SWalght out of 
with improved contrast and clarity for easier viewing. The Palm V and : the unit and not 
Palm illx organisers are available immediately. however UK pricingis |, tthe PCBS. 
yet to be announced. ai microprocessor 
For further details, check: <waw.3com. com>. ; designed to 
Contact: 3Com, Tel: (0418) 927 8200. | ; cantinually read 
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Young Ones Build Kits Eye Tracking Hardware 
At RSGB Stand ws Olympia Vision Coniral Systems bas launched an off 


the shelf eve-tracker system. The application 







The Radio Society of Great = JAB Components. who provided iniegraies 4A minidture camera, holographic 
Britain (RSGR) shared a suanyc : the kits, youngstess were able to optics and signal processing co crack the 
with che Joint kaciio Control : build simple projects and etke user's precise point af observation. 


Users Commitee (IRCUC) in the : them home afterwards. Video 


For further cletails, check: 
Club Village at this year’s demonstrations of amateur radio 


“Wid. VIiSiONCS. COM. 


lrternational Moctel Show at : Were ruoninge continueusly on Contact Vision Conirol Systems. 
Olympia this vear. The JRCUC the stand. D T-1- (0161) 624 028 1 
was formed to negotiate with Volunieeercs from the Milton 


the RA on behalfof radio control i: Keynes ARC and RSGB, shower! | PP ROOT COC OS DEH eEOET EO Es oEeEDOEES 
users to nprove frequency > young people fom seven toly  } re ci t 
Mlocatians and standards here — ; vears old how to selder and uperco fe Ue er 
andl in Europe. : COnstnuct a simple, working, kit, DD © F Cc 
With the help of Maplin : There were so many youngsters eve Ops il er ars 
Flectronics and Peter Thomas:at : wanting to join in that mo : Frnlis using 2 Silicon Graplhiic's 


Workstalinns were sev up on the Cray FO) SUPErcoMmputer to 
: stand on several occasions. = achieve a recor? level of 





: © Nexus, the organisers of ute : susttined performance on 

| event, thought the stand was so > production jobs - more dian one 

: good that they awarded it The : gigaliop, equivalent to one billion 

i Best Non-Engineering Sjanc? at © floating point calculations per 

= the Show! So, hopetully, che : secand -when running RADIOSS, 

: exercise can be repeated next year, : an advancecl aurumobile crash 

> Time will tell whether the analysis application. 

: enthusiasm ignited in these : Fort, which recently onlered a 

: youngsters will culminate in > third Cray T90 system because of 

: them paining an amateur radio : the impressive perfonmance. alse 

: licence, Dut there are a great ; Lses a -pmeessor Silicon Griphics 
dcai nore peaple - young and > Ofigin2000 supercomputer in the 

= Old - who now know that : crash work, 

: anittenr radio is still very much For further clerails, check: <wwwt.s9gi. con. 
alive anc kicking! : © Contact: Silicon Graphics, Tel: (0118) 925 7500. 
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Viind Transplants? 

Ever since Br Christizan Barnacd performed 
the world's first human heart transplant in 
1967, hundreds of people have been given a 
few exum vears of life chanks to those whase 
internal organs have been made available 
after cheir deaths for the benefit of others. 
Before that historic operation, it was 
cenemully thought that transplants would 
not work because the recipient's body 
would not be able 10 assimilare them, since 
human bodies are protrammed to reject 
invwions of any kind. 

Now it seems that when an organ is 
transplanted, something else comes with ir. 
You miiy have seen the item in the recent 
BC series Mysteries with Carol Vorderman 
in which 2 woman named Julie Shambra 
described how her persanality seemed to 
have changed when she was given a new 
kidney. “So many things change: so 
drastically,” as her mother put it. For 
exuoipie, she suddenly showed 2 great 
enthusiasm for boxing and foothatl, alzhouch 
she had not had the slightest interest in 
either before her operation. She became 
gen@ally more extravert and began to act 
more ke a nian than # woman on occasions. 

Although doctors usualk do not 
encourage transplant patients to locate the 
families of their Gonors, Julie Shambra 
munaged to fine the mather of the young 
black man whose kidney she now had. The 
lwo women developed a close bend, and 
the mother admited that‘her san had 
indead been a fiunatical sports fan. 

J have just. come across an even more 
remarkable case dating from 3988, in which 
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= 47-year-old woman named Claire Sylvia, a 
drama teacher from Boston, Massachusctts, 
was given 2 new heart and lung. When she 
had recavered,-2 press conference was held 
in the hospital and a reporier asked her if 
there was anything she would particularly 
like to Have. 

"to tell you the muth,” Claire reptied, 
“dighi now I'd die for a beer”. Ik was a 
strange thing for a woman who had just 
nearly died to say, especially since she dict 
not tike beér anc never had fiked it. She 
was ws surprised as anybody else by her 
remark, and wonderet| why. she had said it. 

A few weeks later, when she was able to 
drive, she made a bee-line for the local 
Kentucky Fried Chicken shop. Again, she 
asked herself what she was doing. because. 
she had never liked the sudf. She noticed 
several other changes in her personality 
ancl on an impulse, set out to discover 
whose hearc.and lung she now had. All 
they would cell her atthe hospital was chat 
the donor has been an 18-vearald mate 
who had been killed in a motorcycle 
accident somewhere in Maine. (It was not 


known if he tiked beer-and fried chicken, 


but this seemed quite likely.) 
Now the story gets even siranger..One 


Night; she had 2 very unusual dream in 


which she met a young man who, she was 


sure, was the donar of her new heart and 


lung. At the ead of the dream, they kissed 
and Chire felt as if his whole body had 
merged with her own, His name, or rather 
his initials, were TL. 

She happened to describe the dream to a 
tien] whereupon ihe friend had a dreans 
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SPELLS beh ede 


in which he was fooking at an item in a 
loca! newspaper about-a young man wha 
had diect in‘a motorcycle accident. 

This prompted Claire 1 go to the library 
and search chrough the Maine newspapers, 


‘and sure enoush she did find such an item, 


To her astonishment, the name of the 


victim was dim Lanirande - TL! She locared 


his family-and was given same information. 
about Tim, including the face chit ac the 
time of che accident he had actwalhy been 
carving a box of fied chicken with him, 
and he dict like beer. Claire was able to visit 
the scene of the accident and also to visit 
Tim's grave, and became convinced thar she 
and he were permaneatiy linked, although 
she insisted ¢hat she had only picked up 
same of his likes anc dislikes and had nox 
been entirely taken over by him.-All the 
same, Tinr's sister dicl mention tha Claire 
somehow reminded her of her brother. 

AS for Claire herself, she believed that. 
knowing her donor's identity was vitally 
important to. her.in helping her body to 
accept a Foreign organ, and to go on living 
a good dea! longer than the average 
recipient of 4 heart and lung. 

Not everybody screes with her. The head 
ofthe transplani unit at the hospital where 
she had her operation would have none of 
it. He was strongly opposed io the idea of 
letting recipients find out who their donors 
were, anc rejected the notion ef ‘cellular 
memory" out-of hand. “To the best of 
anvone'’s knowledge,” he declared, “it does 
not exis.” Her sunpgeen would not even 
discuss the mutter, 

Cases like those of Claire and Jufie are mare, 
and sever! transplant recipients who have 
been questioned have not mentioned feeling 
any different, personalin-wise, since their 
operations, However, we onl need one 
good case to esiablish the possibiiny char 
some of our personalities may be distriburec? 
around the bext; and the cases of both thése 
nhvo women seem 10 have been well 
wiinessed by independent observers. 

Obviousiy we need more evidence - and 
it May not be easy to get it~ hefore we leap 
LO any conclusions. Yet I see that die 
phinise ‘trait wansfer’ has already been used 
by same enterprising researchers in Israel 
(lam making further inquiries there) and ir 
may indeed be thar when somebody is 
givtn a piece of somebady else's body, they 
are also given a piece of their mind. 


Uri Geller’s novel Ella is published by 
Headline Feature at £5.99, and his Lidle Book 
OF Mind Power by-Robson Books at £2.50, 
and Jonathan Margolis’ Uri Geller Magician 

or Mystic? by Ofinn Books at £17,99. 


\isic him at wew. tcom.co. uk/hpnet/ 
antle-mnail him at urigel ler@eompuserve.con 


gt 
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Almost every element in the audio chain is now 
digital, Except perhaps the most important — the 
loudspeaker. But that could be about to change. 
Here Stepben. Waddington looks at a new speaker 
technology that could see the first truly digital 
audio systems within the next two years. 


Cambridge based company claims ta 
Ae invented the workl’s digital 

foudspeaker (DLS) rechnology and 
has announced pians ta commercialise the 
technology within the next nwo vears. That 
company, curiously named |... Limited is 
now set tO license its technology to 
develapment partners around the world. 

The 1... Limited DLS is based on 2 

fundamentally new desien approach. Based 
on 2 flat panel mauix of novel pieztrelecuic 
long-throw transducers, the speakers are 
driven via digital, rather than conventional 





Feature 


? analomue signals. In this way L.. Limited 


claims that it can conirel che direction and 


> mualio levels emitted fram the DLS more 


accurately ian with any other existing 


: guclio te -chnulogy : delivering significanily 
> advanced sound! quaticy: 


: What’s in a Name 


1,.. Limited isa three-year ofd coorpany, 
crested io research and develop digital 


: loudspeaker technology. Based in 
: Cambridge, the company is headed by Dr 


Benay a 


Al) digital, allowing direct connection to digital sources, inching CD, 


OVD ad digit redio and TV 
“Flat of ether novet configurations 

enter in vaeeht, tess butky 

Cannot be weri.en 

Speakers identical 

Sengle speaker covers entire audible frequency range 
Modufar constuction 


Miass production techniques will make core components very cheep 
Consumes almost 30 power When no sound bong prxdieced 

Simultaneous muti-chennel #enais can be brocdcast from central control unit 
to speshkeys in venous rooms 


Better quality and? simpler interface 





? Tony Hooley, a Cavendish Laboratory, 
: Cambridge University physics PhD anda 
? One-time IBM Research Fellow at the 


Institute of Astranomy, Cambridge. 
1... Limited currently consists of three 


staff, with a further six academic researchers 
> based with the univecsities of Cambridge. 

i Bicmingham and Paris, working under 

> contract to the company under the 

> leadership of Dr Hooley. The company has 


more than 15 patent applications i in the area 


of loudspeaker technalogy. These 
: applications relate to bau: the electronic 
: and mechanical properties of the DLS. 


3 Weak Link 


e*eseeeoeeocpeeoeeoe ee esco@#aececene 92008 60668: 


According to I... limite conventional 


loudspeakers are by far the weakest link in 
: the chain benween recording five sound and 


reproducing it. Modem microphones. have 


: near perfect perfocmanice. 


Low noise Glectronics and digital recording 


: and playback systems (such 2s DAT, Compact 
: Disc and DVD), together with the latest 

: power aniplifier efectronics can produce 

? nearly ideal performance, with distortion 

: levels in the best equipment well below the 
i 0.0055 level. 


Unchanged Melody 


: By contrast, che very best conventional 
: loudspeakers operate at about the 0:5% 
distortion levei (100 times worse} and 

: standard moderately priced hi-fi system 
> foudspeakers often have worse than 3% 
: distortion levels, pariculariy when 

> operating at the higher power levels. 


Kany desist and instaliation possibtities 
Less intrusive, easier to mount, and 16 mane: 


Very robust and foud without sis« 
No palit matching problems 


ot damage 


No woorers and Tweeters,.cv. ANBOEIE CRSSARET SARC | 
Clip-on additonal identical elements to improve quality furthe, er increase sound beret 


sce emience and Mini 


No heavy Signal-power cables required. Sienats tanamiited to speakers by 10 


No ana'totue eross-c.er filters needed 
No Powe: Amplifier 
No D to A comerier 


fies system Ee im pices baer 


Potential lov; cost, Gut high qualiy end refieiniiy 
Runs cast, could Kave'cn pemmansniily 


Reduces Sysiem cost and peaver consumptica.and thus heat output 


Reduces system cost 


Tabie 1. Features and Benefits of DLS Technology. 


GP ELECTRONICS AND BEYOND May 1999 





When you consider that most canventianal 


loudspeakers as shown in Phote 1 are 
almost unchanged from the oripinal moving 


coil speaker invented in the 1920s this is not 


100 surprising, the principal improvements 
being mainly in materials: better magnets, 


better cane materials, and bewer suspension 


niaterials, with some coniribution from 
beter design practices. 

Such analogue speakers generally 
require 2 fairly heavy and bulky cabinet thar 
makes them esseniially fixed items, 
especially when taken together with the 
heavy power-carrving foudspeaker cables 
connecting ihem to the power amptifier. 
These cables are heavy gauge because 
conventional speakers are inefficient, anc 
convert Only about 1% of their electrical 
Input power into sounct, 

Thus 2 TW’ acoustic ourput loudspeaker 
needs approximately 100W of electrical 
input power: hence speaker heavy cables. A 
further consequence of this inefficiency, is 
thar these loudspeakers require high-power 
amplifiers to generate che LOGW or so of 
input drive power, the vast majarity of 
which is dissipated as hear within the 
loudspeaker, Such amplifiers also pencrate 
considerable hear, require bulky heatsinks 
and power supplies, and acid considerably 
to the cost ofa hii system. 


Benefits of a Digital 


Loudspeaker 


1... Limited's DLS technology tackles all of 
these problems. The company is aiming for 
an initial target of less than 0.1% distortion 
for the first production designs, with 
incremental iniprovements thereafter. Thus 
1... Limited's first digital loudspeakers will 
be of better quality tian can be baught at 
anv price currently: 

Because the DLS is entirely digital, its does 


not require a bulky analogue power ampitifier' 


and so this component is entirely alssent from 
the system. The heavy gauge speaker cables 
disappear 100 as-there is no power anyplifier 
for them ec connect to - ancl the digital drive 
ensures that the DLS is impossible to damave 
by input signal overload, 

As the DLS requires only digital input 
signals, these can be wansmittéd 10 the. 
speakers by wireless or infra-red with no 
loss of quality using modern error 
correcting systems as required. Thus the 
DLSs have much more potential for being 
moved about the house, for exampic. 

Because 1... Limited believes thar it will be 
able to make much more efficient digital 
foudspeakers, a TW output DLS might require 
only 2W’ to 10 Gnstead of 200%) of input 
power, and so operation from small 
rechargeable bauertes becomes quite feasible. 
Thus no mains cable is required either. 

1... fimited’s transducers are much flarter 
than conventional high power loudspeakers 
allowing the possibility of smaller and 
lighter cahinets. A further novel technology 
the comipany is developing mises the 
possibiliiy of completely eliminating the nec 
for a loudspeaker enclosure, thus further 
reducing the weight and bulk of the DLS. 


‘Photo 2 Tony Hooley with the Mark Il-verstan of the DLS, 


Elegant Solution 


The features and benefits of 1... Limizect’s 
DLS technology versus a waditional 
loudspeaker is show? in Table 1. Alj of these 
features taken togeiher present the option 
of truly-porabie; wireless, hi-fi loudspeakers 
of top qualic: and high output Ievel, but of 
light weight, low bulk and easv placement. A 
product concept for a digital toudspeaker 
incorporating these fearures is shown in 
Photo 2.. They could be carned from room 
10 room in the home, used in the bathroom 
or bedroom, on the patio, in the garden or 
by the pool, In commercial use, the benefits 
of ease of sec-up anc transportation, and 
ovetoad-proof ruggedness, are unique. 


DLS Technology 


1... Limited's approach to loudspeaker 
design is radically different from 
conventional models, A schematic for the 
DIS is shown in Photo 3 The company 
replaces the one.ar two large analogue. 
driver units found in most conventionzl 





loudspeakers with an array of very many; 
very small but identical digical driver units of 
novel design, each of which is driven 
separ by its own unique sequence of 
dicital pulses. Photo # shows a proiatype of 
such an arrangement using piezoelectric - 
transducers found in fire alarms - sourced. 
incidentally, from Maplin Electronics, 

‘A digital sicnal processing unit encodes 
input digital signals usually in binary code, 
into a very wide unary cade which has 
uniquely useful properties for electro- 
acDUstic conversion, among which are 
freediom from mastly-zeroes to mostl-ones 
code changes, and absence of hich precision 
matching requirements in the transducers, 

The signal processing also addresses other 
issues such as the abiliry co smonathly handle 
very loud and very soft signats (dynamic 
range), as well as caiforing the directional 
nature of the loudspeaker to suit the listening 
conditions, something virtually impossible to 
achieve with conventional loudspeakers, 

The transducers themselves are very tiny 
(order of 10mm diameter) and yet taken 
together as an array are capable of 




















May 1999 ELECTRONICS AND BEYOND GD 





ij... Limited 






COMPHTER 
IVT, CD 
AAT. STEAM 
aT (- Abe, 











reproducing the full range of sounds 
nonnally covered oniv by combinations of 
large and small ‘woofer’ and ‘ewceter” 
convenvional speakers. This puts some 
severe démands on thesé transducers which 
accounts for their novel design. Side 
benefits of the design are much heiter 
eficiency and ease of housing. 


How it Works. 


The operation of the DLS can be jikened to 
that of the display on a lap4op computer. In 
| such a display, the screen is made up of a 
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large number of icleniical picture elements, 
or pixels. Each pixel can be turned on or off, 
intependentl When looked «at very clasely. 















Photo 4. . 
The BLS Is 
constructed 
fram an array 
of transducers. 
This early stage 
prototype uses 
plezo-electric 
transducers. 


Photo &. The efactronie. spring which contracts on the appiication of a voltage will form the basis of the transducer in the DLS. 


through a muenifying glass no displavect 
image will be seen - just.a small callection of 
biack or white squares. However, standing 
back front the display one sees the wnolé 
array of pixels and the displayed image is 
visible. Note that no single pixel on the 
screen represenis afl of thc imaee, jusi a 
focal portion of it. 

In thé same way, 1... Limitec!’s signal 
processing electronics cdisnibutes 
cenponents of the sound signal amongst 
the elements of the aransducer array, driving 
each element with a unique signal, Listening 
ioany one element you would not Rear the 
sound that was to be reproduced, just some 
peculiar series of hiph-specd clicks, However, 
by standing back trom the whole array so 
that your ears received signals from all of the 
clements, and adding all of their signats 
roageiher in your cars, the sound would 
become apparent 10 you, fustas the imave 
on the displty anpeareL as described uinove. 


Electronic Spring 


in November 1998, 1... Limited, announced 
the basis of the electronic transducer chat 
wili form the ‘pixel’ clements within the 
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Protective grille 


? 


df 
a 


Infia-Red tecelver 


‘Leds indicating charge 
and signat reception ~~. 


Tapered connector: 


. Charger-stand ~ 


Mains power indicaior 


Photo 6. Product concept for a DLS. Benefits 
Include portability, wireless connectivity and 


hi-fi loudspeakers of top quality and high 
outout level that are je to place. 


DLS. Working with its technology partner, 
the University of Birmingham 
interdisciplinary Research Centre (IRC) for 
Matenals, 1... Limtted defied electronic and 
mechanical conventions to create an 
electronic spring, termed 2 helical PZT 
ceramic bender as shown in Photo 5. 

The electronic spring device conimiucts and 
expands when a voltage is applied, providine 
the basis fora motorlike DLS transducer, Up 
until this point it was thought impossible to 
manufacture a multi-layer ceramic device in 
a helical arrangement. 

But the electronic spring was niade 
possible by the novel ceramics plastic- 
extrusion processing development spear- 
headed by Dr. David Pearce at Birmingham. 
The electronic spring will be used in 20mm 
lengths to form the basis of individual 
transducers that are set 10 make-up 
commercial versions of 1... Limited's digital 
loudspeaker (DLS), 

Despite their minute size, che transducers 
themselves are capable of reproducing che 
full range of sounds normally covered oniy 
hy combinations of large and small ~woofer’ 
and ‘nweeter’ conventional speakers. 

1... Limited's new transducer will consist 
of past three parts: che outer helical bender, 
an inner cylindrical piston made of 
extremely low density marerial,and 2 pas- 
filled bearing berween the two which allows 
the piston to move freely along the axis of 
the helix with essentially zero friction. 


e 


«a 


The. digital toudspeaker'’s 
large array of independenliy-. 
driven thy transducers ina 
slim compact format, ensures 


“the highest, quality SOUNd ; 


free from resonances and 
distortion . 


= 


__--— “Infinite-Battie* 


= Rechargable battery: 
igital ‘Wireless Mok 
System 


ee 


In operation, the cone-like deformations 
of the helical bender squeeze the gas 
bearing racially, which.in tam imparts axial 
forces io the piston which rolls on the 
hearing up and down the centre of the 
hefic, up to 10mm in either directicn. 

Development of the unique bearing 
structure is now also making good progress 
anda demonstration bearing is expected 
within the next neo mons, after which an 
endre iransducer assembly will be possible. 


Future Plans 
Having developed the:DLS ta an initial 


prototype stage as shown-in Photo 6, 2... * 


Limited is set 10 build on existing academic. 
partnerships and forge new relationships 
with companies with proven expertise in 
traditional loudspeaker technology and 
leading-edye areas af technology such as 
piezo-<lectrics and electro-magnetics in a 
bid to commiercialise its core technalogy: 

In Fuly 1997, use 1... Limited DLS project 
entered its second phase, partly funded by 
OTE SPUR Award, Phase I was a feasibility 
study to'show that recognisable sound could 
be produced using an array of transducers” 
emitting only acoustic pulses, In Phase Lf, L. 
Limited is actively designing and investigating 
the novel transducer technologies necessary 
10 build a commercial device as well as 
reining the necessary civital signal 
processing algorithms, 


mb driven. pulse 





- Another Cambridge 


Success? 

Bur will the DES sucteed? Danny Chancha! boss 
of neiehbauriny CDT in Cambridge reckons 1... 
limited has taken the right approach, 

“1... Limited is in a very similar position 
to that of CDT mvo years ago, when I inizially 
came on boar). Like CDT, the company has 
developed a technology in the form of the 
digital loudspeaker, chat has ihe potential to 
distodge 2 more traditional sotutian, and 
thus impact world markers worth millions of 
dollars annually. 

“Interestingly 1... Limitect has recognised the 
needs 10 inflow 2 business siraregy of licensing 
and partnership in omer to deliver the 
technology to market a5 early as possible. This 
iS. a new approach for Cambridge companies 
that have traditionally trie! to go it afone. 
CDT and ARM are the exceptions to the cule. 

“BRvo years ago I set in placé a plan of 


; commercial parinerships and licensing 
= amangement at CDE. By working with 


companies such as DuPont and Philips. Sciko- 
Tpson. Hoechst, Uniax and IDT we have been 
able to progress the technology anc reach 
markets far faster than we would have alone. 
“From a technology stand point, CDT s 
LEP products and 1... Limited's digital 
loudspeakers have the potential to midically 
impact the consumer electronics industry. 


> The similanties and porential synergies from 
: both a business and techoology perspective 


between CDT and 1.,.Limited are uncanny.” 
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a > willline up on the taxt-way, canopies up,” 

rR O} J a . In tern ati OVE Ck : lights on, a5 hovering helicaprers fly the. 
ay y or : : national flags of NATO countries. Overhead 


Allied and former Eastern Bloc aircraft will 
fy past in a soaring demonsirition of 
international friendship, led by the world 
famous Red Arrows. 


- The NATO 'Pit Stop’ 


SOHSSHSHOHSESSHSSOHEHLOEHOHSBPEHLOECHeSHO® : Challenge 
In Partnership with BRITISH AEROSPACE 






This unique contest will see NATO engineers 
on red alerz, racing against the clock and each 

= other to equip aireraft for another sonic. The 

= ‘teams will work on aircraft deployed by one of 

= their NATO parmers, so you could be 

: watching the RAF preparing 2 MiG-29 for 

: combar Look out for the Pit Stop’ Challenge 
at the cerzre of the show - the finals will be 
run on Sunday 25 fuh- 


RAF Fairford Gloucestershire, 24/25 July. 


See you in Fighter 
Country 


> “The Guardians of che Sky come down to 

> earth for Showesase N ATO, a living muscum 

dedicated to the aircraft, work and history of 

the Alliance. In an airshow first, the vast 

; ground-baséd display will lead vou through 

> Fiehter Countny Strike Country, Airtilr 
Country anc ather spectacular NATO themes 

> to the elegant striped aircraft of ‘Tiger Town’. 

: Along the way you will have your chance to 

> talk to international aircrew and take a look 

: at some of their mean machines. 


75 Years of The Royai 


Auxiliary Air Force 

> Formed by Lord trenchard in 1934, the 

: susiliany Air Forte Squadrons went on to fly 

© With grear distinction during Word War I- an 
esprit de corps which persuaded King George 





We have lift-off! 


"Phe Rayal International Air Tanoo will send 
VOU into orbit with high-fying airshow 
entertainment, As well as 2 sensational 
eight-hour fying display performed by real- 
life Top Guns, there will be 2 fuil pwo miles 
Oo parked hardware, hot air balloons, the 
ravzamatazz of mifirary bands, szalis, 
exhibits, roadshows and niuch more 
besides. The magnificent 11 Frecce Tricalon 
will head the list of national aerobatics 
teams to say Happy 35th Birtheay to the 
famous RAF Red Arrows. 

In ali, over 450 of the world's greatest 
aicceait will appear at the show - for Tattoo 
visitors, size does malier. 


Spotlight on NATO 

You've seen them an the news, you've read 
alsout them in the newspapers. Now the 
eairbome might of NATO will roar into RAF 
Fairford for a mammoth 50th anniversary 
celebration. Highlighting aircraft from both 
sides of the Iron Curtain, the unfolding 
drama in the skies will evoke the tense 
déecadés of uhe Cold War, the fill af the 
Recin Wall, and opennions in Sanjevo. Anct 
the very latest aircraft - brisding with new 
lechnology ~ will demonsirate NATO's 
‘power for peace’ into the 21st centun, East 
will meet West in an horizon-wide finde, 
opened by the dare-cevil Falcons Parachute 
Team of the Royal Air Force. Over 50 aircrmit 
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VI to confer the Roval prefix on the service. 
‘Today’s Royal Auxiliary Air Force will 

celebrate its 75th anniversary by inviting Air 
Force Reserves from around the world to 
join in an hour long Bying pageant. But for 
many, the star of che show will be a Battle of 
Britain Memorial Flight Spitfire which the 
AAF flew to glory more than 50 years ago, 
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_ Strike up the Band 


Roval Air Force and NATO musicians will be 
in foot-stomping form as they play a free 


: swo-hour sunset concert, What's more, the 
: stirring music-will launch over 40 mullti- 


catoured hot air balicons into the evening 


: sky above RAF Fairford, The larest big 
: screen technology will give you close-ups of 


the ascent und of individual performers on 


: stage, In fact, all the day’s action will be 


captured on big screens -.including pilots 
preparing to display at the Tatop, 


i Timetable 


The gates to RAF Faiciond open at 6,50am 
on Saturday and Suncay. The flying display 
Starts at 10.00am, but in the meantime 
ground entertainment will be in full swing 


Fairford, Glos, GL7 4NA. 


40+ (° 


Postcode: 





as strolling players, jugglers and jazz bands 
set the scene for the Surmmmer’s most 
exciting: day out. 


Enthusiast Day - 


| Friday 23 July 


For the-first time The Royal International Air 
Tattoa will open its gates 10 the public on. 
Friday-.- giving aviation enthusiasts 2 sneak 
preview of the parked aircraft on show at the 
word's higvese military-airfest. It willalsa be a 
big day for keen photosraphers who. natumby: 
want clear shots‘of ail this exotic hardware 
before thé erowdls arrive for the weekend. 
Only 5,000 previcw umes are available 
(adits £19.95 ic-advance - ; 25.0n the day: 
Children=35 and under ae. Call 01285 
713456.for information and bookings. 


Tattoo Hotline 
Just'a-phone call away - info on aircrait, 
facilities, attraétions and RIAT 99 ticket 
prices. With the press of a burton you ean 
also bay your ativance airshow tickets on 
the Hotline, saving over £5. Adulradvance 


tickets £19.95 (£25 on the day). Children 15 
and under tree. 





(Calls to 0891 niambers cost 3Op per 
ininute, of which 13p per minute is donated 
to The RAF Benevolent Fund Enterprises, 

PO Bax 1940. Fairford, Glos GL7 4NA). 
Tickets purchased divect from RAFBFE at 
RAF Fairford autoniatically incur a £2.00 


: per order administration charge). 


Acvunce tickets also available.from branches 
of Wiitrose and Victoria Wine. For discounted 
sroup bookings (25 lickets or more) phus REAT 
99 enquiries, phone 01285 713-456, 

Website : pw. airtattoo. com - 


regularly updated with the lstest news from 
The Royal International AirFatroo 1999, 





SPOT-THE-DIFFERENCE DRAW! 


WE HAVE 15 PAIRS OF ADULT TICKETS — 
FOR THIS SPECTACULAR DAY GUT! 


See reverse of coupon (page 14) for competition details. Cut-out or photocopy both pages and send Hp. to: 
RIATOOS, Royal International Air Tattoo 99 Competition, RAF Benevolent: Fund Enterprises, PO Box 1940, 


DATA PROTECTION ACT 1998: From time to time the RAF Benevolent:Fund Enterprises: may wish to send you details of other 
events and services which they feel may be of interest to you. Please tick if you do not wish to receive this information. 
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Write to: : 
Electronics and Beyond. 
P.O. Box 777, 

Rayicigh, Essex SS6 BLU. 





E-mall your views 
and comments to: 
AYV@mazntin. 
demon.co.uk 
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Give Science 
A Chance! 
Dear Sir 


if this is what Mr. Alcows really 
(oes, ler’s have some tnily 


scientific Investigation into ‘wings 
: Why did David Aldous go to ail the 


that 0 bump in the night" now! 
Science has already proven 

that the-‘hearing of voices’ is 

nothing more than a clinical 


condition that causes the persons = 
> you believe to be fantasies may 
- well be scientific fact. We have 
are full of individuals who either A SL le cect! yg ad 
> one-way-or-the-other. Next 

: month we will be publishing an 


Interesting article by Graham 


afflicdied, to talk 10 themselves, 
Without doubt, ihe scriptures 


hac this affliction, or were: 


simply lying through their teerh. 


Either way, we simply haven't 


: POL time to wait around, 

: another few thousand vears, 
= until these present day fantasies 
: become ancient mythology: 


YOurs aye, 
Dougal Paterson. 
Via e-mail 


effort to come up with his detector 
if it was not a ‘scientific’ attempt 


: to investigate the parancrmal? 


In a few thousand years what 


Marett, for all you doubters! 
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Charged Up 


Dear Sir, 
] was surprised by the articte 


in issue 135 page 70. The article 
doesn't conform to what F had 
understood as the principles ot 
electrostatic protection. 

ia component is charged 
then this does nos initially 
matter 2s long as all pins are at 
the same potential. IF wmpped 
in something (such as | ; 
conductive loam) what 
elecizicaily vies all pins together 
then no harm will come when 
the entire chipAvrapper 
combination is brought io the 
sime (eath) potential as the 
workbench, operator, etc. 

The ictea of a partially 
conductive tool offering a 
resistance "...of between 1067 
and 102..." is spurious. Wrist 
straps and similar earth drains 





AIR TATTOO SPOT-TH 


(put 10 ‘X’s on t 
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: are already fined with a 1MM 

: resistor, not for genuy 
disthareinge electrostatic enerey 
: but to protect the operator. A 
ESD Tools - Are They Important? = 


So, 2 litue more series 


> resistance makes no real 

: difference. The eleczrostatic 

:. voltage és extremely high but 

: the amount of total charge is 

: small. I's fike a capacitor of a 

> few pF chacged to many 

: thousands of volrs. Remember 
> the equation O:C = V giving a 


hich voltage from a small charge 


: if capacity is tow: I think these 
: tools are 2 menacé. Someone 
: could absent-mindedly pick one + 
: Offthe bench to repair a tive 

: Circuit. Not being insulated (for 
- example, :o VDE standards as 
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> referred 10 in the article) 2 

: shock is possible, especially if 

: Tesistance is only of the order of 
© 16°, The best tools for static 
direce 230V mains contact would : 
: be limited 10 causing a flow of 
© 23024 through the operatar’s 
: boxy, preventing a faral shock, 
: This works like a mains neon 
> screwdriver tester in this respect. : 


avoidance woukl be all-nieral 


: with no insulating grips on the 


handles. I hape you'l print this 


- 40 sce if anyone else agrees. 


Dr. G. L Manning 


Fdeware 


Middlesex 


= {do not belleve wrist straps 

> came about to protect the user 

: from the mains, but because of 

> potential problems handiing 

: Static sensitive devices - did any 
: of us use them when playing with 
- Valve equipment? To be fair you 

: cannot afford to be absent- 


minded when ‘playing’ with 


- mains, or any high voltage 
=: equipment. Suppose the board 
= you were working on was 


effectively at earth, and you 


: were not, and nicely charged-up, 
: where would the charge most 
> dikely leak too? 


t _ ; 
ea ae 
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Mobile Charger 


Dear Sir 

Being on the move fairly 
reeularly, I find the battery in 
the laptop computer will not 
Fast the day, and itis nat always 
possible to arrange a-recharee. 
As, it scems, Most laplops 
require 17/18¥ at an amp oc so 
to recharge the iniernal battery, 
this rules out the use of a 12V 
ear hartery. 

Perhaps the siaffin your 
design depanment could came 
up with 4 project to enable the: 
faptop to he charged from a 
12¥ vehicle battery. 

Calin Coker 
Newton Abbot 


A guick took at the fatest Maplin 


Catalogue brought me to page 
1125 where | found the LM2577 
Step-Up Voltage Regutatar 
(order code AD9OX}, which may 
wWeli meet your requirements. 


e-em ee re ee ee OF GEE fF GEE & SE So GE © Ge fF Ge Se ee fe ee ee ee ee SS eS EE Se 6 a So 2 oe ee ee ek ee ee 


E-DIFFERENCE DRAW 


he right hand picture using a coloured pen to mark the difference.) 
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- Introduction 

Metal detectors have numny 
different uses ranging from 
detecting studs in walls ro 
searching for archaenlogical 
artefacts or treasure bund in 
the ground There ure abbo 
many applications in incdustn: 


. Over ihe years, a wuiriety af 
cliffement methods have becn 
fe devised for remotely detecting 


r 

| 

| 

| 

| 

| 

| 

: and locuime metal objects. The 

‘ technologies usec vary 

consitterably depenciing on 

application. In this article we 

| look at a selection of different 
tpes of metal detector and 
investigate the general theory 
behind the devices. Sone pratical 

, considerauinns 2re alse coverecL 

The simplest circuits are 
desianedt to detect the 
oresence of meal objecis 
independent of composition 

and da nat provide any further 

) information about the 

nrapenies afthe material 

dictecttd. More specialised 

| detectors allow discrimination 

| between metals of difierent 
types ar respend anv to 

} ferrous metals. The-circuiis and 
tdeas cliscussed are intended 15 

exanples and atay require 

} considerable development and 
modification in arder to 
pickluce & working unit. 

d 


Some Examples 
Most simple metal detectors 
anc some moré specialisect 
pypes metke use of proximity 
elects whereby the presence 
of metal close to a search cail 
modifies the characreristics of 
the circuit, Mettl detectors of 
the Beat Frequency Oscillator 
or BFO type operate using his 
ponaple. Figure 1 shows ihe 
block diagram af 2 simple 
meu dereccror using the BFO 
principle. The detectoris hase! 
on the principle thar the 
resanant frequency of a cuned 
Crcult varies ifa metal ohject is 
placed in close prosinuty. It the 
tuned circuit forms pan of an 
oscillator then the output 
frequency wil] be moxlified by 
the presence of 2 metal object. 
The vadation in ourput 
frequency depents on the 
oscillator frequency chosen. In 
gener, the higher the 
frequency the greater the 
chanee and the more sensitive 
the circuit, However, if the 
frequency is ioo high, the 
practical minge may be reduced 
by the absorpiion effects of 
soil. huifding- materia etc. In a 
practical circuit. the oscillator 
Gicn operates at a frequency 
well outside. the range of 
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Inipartone, Gavin:Gheeséman looks iat 
5 Some:bf the furdamenials 6f metal 
detecting, and distisses possible Gircuits. 
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human hearing and therelore it 
is necessary to provide same 
indication thit the resonant 
frequency is chinged. BFO 
metal detectors do this by 
mixin or beating the ourpua of 
the oscillator with hen ofa 
second (fixed frequency) 
oscillator to produce a mixing 
product or beat note’ within 
the sud@ble range. In simplifted 
clesiens the functions of mor: 
than one of the stages shown 
may often be peraurmed by one 
acne Camponenc and the knv 
pass filer may be as simple as a 
capacitor and a resistor. 

The frequency of one of the 
nwo oscillators is normally 
acijustabie to‘allow the most 
appropridte audi frequency to 
be selectect. This is not simply 
for che canifort of the listener. 
Variations in pizch are more 
Ulvinus at some frequencies 
than others. ft is also possible 
to Zero bead’ the wo oseiflitors 
so that the output is silent 
unter normal conclitions. When 
a metal object is detected, the 
frequency of ihe search coil 
oscillator changes producing an 
audible ourput comespancing 
to che difference in frequency 
beaveen the po oscars. 
When used in this way the 
detector will effectively be less 
sensitive as slight changes tend 
in result in only small changes 
in frequency. Therefore the 
audio note produced may be 
below audible frequency riage. 
Also, depending on the clesign 
and coupling amingements, 
there is somecimes 4a téndency 
for the iwo oscillators to 
wurtonnitically lock to the same 
frequency. [fthis occurs, 3 
considerable chance in the 


iy 
Figure 2. fllustrative example of Beat Frequency metal detector circuft. 
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resonance af the search coil 
tuned circuit is required 1 pull 
the oscillators out af lock and 
onio differen: frequencies. 
Once again, this efiect results in 


reduced sensitivity but can he 


useful in some applications. 
Heure 2 shows 2 circuit sample 
of 2 detector based on the beat 
frequency principle. The circuit 
shown is intended to iiustrate 


how simple design techniques 


nay be used to produce this 
type of derecror.. Component 
values SHOWN ie approxinute. 
Because some paramcters will 
vary depending on the chosen 
operating frequency. some 
values ure aimniited. + 

inducior LI forms the search 
coil and is resonared by variahle 
cipacitor VCI to form 2 high O 
tuned circuit. The tuned circuit 
forms part of an oscillator stage 
baset around field! effect 
transistor TR? anc associated 
camponents. VC1 allows thre 
apcrating frequency of the 
oscillator io he varied..A second 
oscillator stage is formed by 12, 
C4, C5. R4 and TR?2, this rime 


+ Figure 1. a 
Beat Frequency 
metal detector 
biock dlagram. 
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oOperdiny ati fixed frequency. 
The output of the two ascillazor 
stages Es fed to Di via limiiing - 
resistors, 131 intrexluces a non- 
linear elemene into the signal 
path that effectively mixes the. 
mvo oscillator trequencies. Thé 
result is ‘an Output rich in 
frequencies corresponding 10 
the sum and cifference of the 
two oscillator frequencies and 
associated harmanics. The 
oscillators are tuned to operate 
on closely adjacent frequencies 
such thai the difference 
frequency falls widhin ihe 
audible region. For example if 
one oscillator is tuned tn 1O00KHz 
and the second. oscillator is 
tuned ic; LO1kHyz this will result 
in a difierence frequency of 
1kHz. The output of the dioxcle 
mixer is fed to an audio amplifier 
comprising IC1 ancl associated 
components. This stage is based 
around a Standard operational 
aniplifier and would normaliy be 
capable of driving 2 high 
impecunce earpiece ur 
headphones: The value of 
capacitar C9 is chosen to limit 


.- 
* 
. 
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the response of the amplifier at 
high frequencies which coud 
otherwise result in undesirable 
effects. The gain required from 
the audio amptifier will depend 
on the amplitude of the signal 
at D1. Tiiis in tum depends on 
the oscillaior frequency and the 
Q of the tuned circuits amongst 
other factors. The pain of the 
audio amplifier is derenminec 
by the value of resistors R7 and 


R10. in some applications it 


nay be desirable to drive 4 
sniall loudspeaker. Where this is 
the case the ounputat P3 could 


> be connecied tn a small power 
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arnplifier. 

Because the clesien of the 
Ciecuil is very Simple it will tend 
to suffer from problems such as 
frequency drift. This is not 
always a serious prablem. 
However. where necessary 
unwanted drift can be reduced 
considerably by regulating the 
supply voltage-and using: hivh 
rolerance Capacitors with the 
appropriate temperature 
coefficient. Component layout 
also plays an important part. 
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Search Coil Design 


The size and form of the.seareh 
coil depends on the required 
sensidviry of the detector and 
on dimensional restrictions 
determine: by the application. 
Also, different npes of search 
coil provide varying degrees of 
accuracy. For example, che coit 
used in asimple haniheld  . 
detector of the ype often usec 
BY the: building industry is 
nomuly relatively small so as to 
allow for compaci construction 
and accuracy when determining 
the positian of metal objects in 
walis etc. Conversely detectors 
used for Joc:tting objects buried 
in the ground normally have 
much larger search coils to 
provide high sensitivir.and are 
not usually requires! to be 
particulary compact. However, 
a kirger diameter coil may mean 
a reduction in accuracy: The 
shape of the coil can also have 
considerthle influence on the 
overall response af the detector. 
A simple linear coil wound on 
an open former mav be usec 
fora hand held unit where it is 
intended for use at clase range. 
In more specialised metal 
detectors, circular or square 
search coils are common, 


Figure 4. Using a 
comparator to 
operate a small 
plazo buzzer on 
reaching a specific 
input voltage level. 
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A further consideration ia 
relation to search coils forming 
par of a resonant circuit is the 
affect of non meuillic objects on 
the © and resanance of the 
tuned circuit. These éffects are’ 
often related 10 capacitive 
loading of the circuit by nearby 
objects and can resule in 
spunnus operation whereby the 
circuit acts as if it is detecting 
metal when there is in fact no 
meétal present. Capacitive effects 
can be rechuced by che use-of an 
earthed non-ferrous shield 
placed around the search coil. 
This shields the cail from 
clecirostatic influences but has 
neglivible effect on the magnetic 
characteristics of the circuit. 


Other Resonant 
Detectors 


There is anather form of 
detector that also makes use of 
the detuning efiects of metal on 
a resonant tuned circuit. Figure 
3 provides a conceprual 
illustration. A fixed frequency 
oscillator is used to drive a runed 
circuit comprising the search 
coil and @ variable capacitance. 
The inductance of the search 
coil and the associated! capcitor 


Figure 3, Biock Diagram of a 
resonant detector using a 
fixed frequency oselliatar. 
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are chosen so that the tuning 
Tange of the tuned circyit 
covers the oscillator frequency: 
In use the detector is placed in 
4 position iway from metallic 
objects and the tuned circuit is. 
edjustec tu resonate at the. 
oscillator frequency using the 
variable capacitor. When 
correctly adjusted, this results 
in 3 peak in ourpul signal level. 
Moviny the search coil clase ta 
metal object results it: a shi 
in the resonant frequcacy of the 
tuned circuit; however, this 
ime the oscillator frequency is 
fixed and as 2 result the signal 
level developed acrass the 
tuned circuit drops. For the 
circuit to work effectively, the 
oscillator must exhibit good 
frequency stability. A simple 
method to ensure that the 
frequency remains stable is co 
use an oscillator circuit based 
ona quartz crystal, Retstively 
simple but effective detectors 
providing a rcasonabfe level of 
sensitivity can be prexfuced 
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using this principte.As with 
Most simple metal detectors, 
the sensitivicy is determined by 
the size and shay of the search 
cail. The practical sensitiviry of 
the Greuit is also determined hy 
the methaxl of indication, For 
example, the voliape developed 
across the cuned circuit could 
be buffered, rectified and used 
10 drive 2 muving cail meter. 
With careful circuit design 
making use af skible, high 
tolerance components ir is 
possible to achieve good 
sensitivic. The voltage produced 
could also be used to drive a 
voltae conuvtled audio 
frequency oscillstor to give an 
audible indication. 

It is aso simple to set 2 
‘detect’ threshofd by connecting 
% comparator to the DC ourput 
of the circuit. An example of 
how this may be achieved is 
shown in Figure 4. By seiting a 
specitic switching threshold for 
the comparator, the circuit can 
be- arranged to produce-a 
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160k Cermet 


BZ1 


L1 = 100uH choke (JC25C) 
BZt = PCB buzzer (KUS8N) 
Bi = PP3 9V, Si = Push switch (FH59P) 
LEDi = Red LED (WL27E) 


Figure 5. Example of a simple IC based metal detector circuit. 


switched output when metat is 
detected. In the example-this i5 _ 
used to drive a small piezo 
buzzer. RI and ¥R1 determine 
the switching threshold. RS 
nrovides hysteresis 1 prevent 
‘the comparator oscilléting 
sraund the trigger poine. Using 
ihis principle, the.sounder 
remains inopemtive until a 
metal object is detected bat is 
larve enourh to drive the 
comparator input Over 2 
predetermined switching 
threshold. By making the 
switching threshold adjusibic, 
different levels of sensitivity 
nray be set. 


iC Based Metal 


Detectors 


Of the shelf IC's are available 
that are designed! specifically for 
use in metal devecior cirouils. An 
example is the CS-209A4 IC 
(Maplin stock code U1159P), The 
ilevice makes use of che fict thet 
guetil in close proximity to an 
oscillator tuned circuit aifecis the 
O of the circuit and hence the 
signal amplitude. A devel detector 
monitors the oscilktior output 
and switches when 4 preset 
threshold is reached. An example 
of a simple circuk using the IC is 
shown in Figure 5 for reference. 
The device is icteal for use mn 
applications such as hand held 
devectors for searching. aut wires 
and studs in walls. 
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Detectors making 
use of variable 
coupling 

A slighdy different design sakes 
use of vasiations in the degree of 
coupling henveen two coils 
when metal is placed in clase 
proximiny There are vuriaus 
arrangements for this pe of 
circuit which is sensitive 16 
férrous mectats. The block 
diagram of 2 detector using this 
principle is shown in Figure 6. 
The output level front cail 2 is 
monitored. When a ferrous 
metal object & pliced close to 
ihe coils che oulpur level from 
coil 2 increases with the 
coupling. The unit may be sé Lo 
trigger an audible or visibie 
indication when the ourput level 
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from the coil reaches a preset 
threshold. A moving coi} meter 
or bargraph dispkyw may also be 
used 10 provide a level indiration. 
This type of detector is generally 
not suited 10 applications 
requiring high Sensitiviiy and has 
few practical mivantages over 
other cletecior types. 


NMagnetometer 
Based Detectors 


Ajl ofthe detectars mentioned 


© so far work by directly affecting 


the chanicteristics of components 
in the mew) detector circuit. 
These provide good general 
purpose performance in a wide 
minge of sppticaiions. However, 
they we only really suitable for 
use over 3 Shar ringe where the 


Figure 6. A simple detector using variable coupling. 
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metal ohject is relatively clase to 


the deiector. Therefore, if wou 
wre mrving to clerect metal buried 
deen in the griund (mewres.as 
opposed to céntimenes) different 
techniques are requiredt 

One method of detecting 
larce férfous abjects huriect 
deep in the ground is 10 look 
for localised variation in the 
earth’s masnetic fielcL Sensitive 
magnetometer may be used to 
measure variations of this type. 
Because fiell vasiations may he 
very small, detectors of this 
wpe can be samewhat complex 
to cemistruct, Also, the detectors 
ein offen be influcnced! in an 
unwanted way hy ambient 
magnetic fekls fram power 
linés, geological features cic. 
Nevertheless, if you ure looking 
for something large and iran 
busied deep in 2 remare 
locution, 4 mugneromerer hased 
metal derector muy provide the 
besi chance of finding it. 

Techniques used to produce 
magnerometers are varied. 
Linear hall efféct devices that 
praduce an outpue vollage 
praporiional to magnetic Hus 
are readily availabi¢ it 1C forma, 
These are convenient but 
produce. a relatively small 
output voltage. Therefore, to 
provide reasonable periormance. 
when the changes in the 
neenetic field are smal it is 
often necessary 10 icflow the 
hall effect device with a low 
noise. low affset DC ampliiier. 
Other deévices for the 
measurenient of magnetic fields 
include Flux Gate and Proton 
magnciometers. Ehese cin 
provide good sensitiviry when 
properly aligned. 

One of the casi@st ways tt 
detect localised variations in the 
eanh's magnetic feld is to 


compare the output from Bw 


nmgnetomerer sensors spaced 
some distance horzonially ape, 
as itwsirated in Figure 7. When 
the magnetic Held is undistorted. 
the output from both sensars is 
similar (once any differences 
due to tolerance are ironed out). 
Howerer a mecallic oject 
positioned immediately helow 
one of the sensors results in 
diseortion of the Keid and a 
variation In nutgnetic Aus. 
Becuuse che clistartion is 
localised! and one of che sensors 
is closer to the metal Object than 
the other, 2 difference in the 
output of the rt) stasors 
results. This difference can be 
amolificel to provide an audible 
or visible reading. 

In addition to the presence of 
ferrous metal objects, there are 
aiso other possilsle reasons for 


Incalised varkition of the carth's 
magnetic fiekt. Therefore 
magncroneters of the pe 
discussed can only he usext to 
indicate where objects. may 
possibly be buried and do nor 
give LOS certainty. Also, as 
wih most etal derodars, it is 
sometimes difficult to 
distinguish between 2 small 
object buried near to whe 
surface and something larger 
buried several metres deep. 


Indicators and 
interpreting 
Results 


Rem a metal detector indicates 
thaz it has detected 2 relevant 
object can be quite important. 
in most eases the ourput from 
the detector circuit may be 
used 10 drive an approprdaice 
meter. This could be 2 simple 
analogue meter, a bargraph ora 
divita! display. In most 
Applications. however, it is not 
practical to watch 2 meter 
reading wl! the rime. if the 
circuit provides a switched 
aueput that becomes active 
when # metal object is detected, 
ihis may bé used to switch ona 
imp ar buzzer. An audible 
indication is often much mor: 
tppropraté, especially fF you 
are walking around a fielet 
lookine fur buried coins. In chis 
situation, probably the tast diing 
you need is to continuously 
waich ameter As we have seen, 
some types af metal derector, 
such as the beat frequency type, 
atromatically produce an 
auchbic output and for these 
units this is he normal mode of 
opemtion. ft can sil be useful 
io have a meter reading in 
addition io help the user 
determine the degree of 
response when an object is 
detected. For metal deteceors 
thar produce an ourput in the 
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Figure 7, Example showing detection of ferrous 
objects using tvo magnetometer sensors. 


fonn of a variable voltage. this 
can easily he converted to‘an 
auctible output using a voltage. 
controlied audio frequency. 
oscillator. This wilt produce 2 
note that varies in pitch similar 
to the BFO unir when an object 
is detected. 

Lising peak hold techniaues it 
is possible to make the response 
ofa metal detector dynamic to 
aicl pinpointing of atinck once it 
has been detected. Muttipic 
search cos can also Be usexk. 
These may be switchable se thar, 
for example, 2 large coil is used 
10 initially detect the presence of 
metal whifst a smaller coil 
provides more accurate 
pinpointing of the find. 

MISNetometers ure 
sometimes used to detect very 
luareé ferrous objecis or mineral 
deposits. Interpreting and 
makig9g sense of the data 
produced in such circumstances 
can be very complex, In this 
type of specialised application, 
it is usefisl io provide a digital 
interface so that the reading 
am! precise location can be 
siored in memory and loaded 
ONLO 2 personal computer for 
processing. 


Discriminating 
between different 
materials 


For some applicitions it can be 
useful 20 discriminate between. 


different types of metal. As 


mentioned, some types of 


detector will only respond to 


ferrous mevals. Also metals of 
different types result in differen: 
proximity effects, For example, 
the variation in frequency 
produced when a mel object 
is close co the search coil of a 
BFO based derector will not 
oniy depend on the.size and 
position of the object but also 
on its Composition, Ferrous 
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meils (cantining iron) 
produce-3 totally differen: 
response to non-ferrius metals 
such as copper, gold and silver. 
This effect can be used to -vrear 


adévantase when searching ior 
Precious meéials (coins etc.) 


buried in rhe sail. 


Housing 
Considerations 


5o far we have covered some 


electrical design criteria anci 
fundamental theory retuing to 
met! detectors. Of course, when 
producing 2 practical unit, the 
physical aspects of comstcuction 
are dimost as imporiant A metal 
detector should be constructed 
and house! so as to be as simple 


fo use as possible. For example, 
detector desiened fur DIY use in 


* the home should preferably be 


SECURE I DarObob dd inunas 


SrEPade paddee 


ede@aecdastunes 


PUREE Pio ddd Podeidiar 


sede l ppetderas 


Been panes 


compact enough to Gt in your 
Boo! box. Canversely, i dhe unit is 
designed for outdoor use, it 5 
IMpPortane to consider such 
WPOcis as wealhkerprovling. 
Same 2pplications may require 
the search coil to be submerged 
in water requiring complete 
waterprooting, If your hobby is 
searching for buried treasure 
you will want the detectar to be 
as light weight as possible and 
s@ On. An examole of a typice! 
layout is shown in Figure 8. The 
shape and cimensions af some 
metal detectors are heavily 
influenced by the design of the 
circuit itself, This is particularly 
the case with some 
magnetometer based units and 
detectors recpiiring lane search 
cuits, Although these 
considen:tions may be fairly 
obvious, they are cin imporuant 
factor and car affect the circuit 
invout consideralbh: 


Next Month 


Tits month we have looked at 
the basics of metal derector 
design so as 10 jonn 4n oveniey 
of the type of techniques 
commonly used. Next nionih we 
wil) look at the construction of a 
metal detector and consider 
specific requiremenis at a 
practical level. 


Figure &. Typical layout of a meta! detector used for 
treasure hunting. 
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[though consumer video - VCRs and 
| ees - is su firmly ruled by 

VHS and Smin, that is beginning to 
change with the Digital Vicieo (DY) format 
niaking inmoads into the cameorder marker, 
anc Data-VHS waiting in the wings to recor 
the new digital TY channels. 


a Lad + 
Digital Video 
DY ke Smint, is ¢ commitice-devcloped 
format. And, uniquely: it now encompasses all 
markets fram consumer to broadcast 


16-bit 2-chennel recording 


Figure 1a/b. Audio recording methad. 
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Preliminary discussions ar: stanidartisation 
hegan in 1990 between four uf the companics 
that hat! been working independently an 
digital video: Matsushita (Panasonic), Philips, 
Sony and Thonwon Shorly after hey were 
juined by Hitachi, VC, Mitsubishi, Sanyo, 
Sharp and ‘foshiba and formed the Digizal 
Video Casserte Consortium. Which led in 
1994 to agreement by the, then, 52 
companies on standards for SD (Standard 
Definition) and HD (High Definition) formats 
at the HD Digitai VCR Contereacce. leaving 
the specifications for two additional formats, 


Scanning 
direction 


Scanning 
direction . 


wader ee! 








for European DVB (Digital Vidco 
Broadcasting) and American ATY (Advanced 
Television digital 11D broadcasting), to be 
finalised nearer the launch of those services. 
And in 1995 the first DV camcorders appear 
un world markees (the "Cassetic’ part ol the 
name having been droppexd}. 

‘They were more expensive than 
consumers had been used ta; but then the 
quality was greater and they incorporated 
more features. For full acivantage had been 
taken of the changecver to cligital. 


Technically Superior 

The horizontal resclution of DV is aboui 500 
lines: this compares with just over 400 lines 
for HiS and S-VHS5, and around 250 for 8mm 
and VEES. Aral the colour bandwidth of 3MiAz 
is six tinies that of the analogue formats. The 
auttio is no less impressive, with i8kHz 16-bit 
linear PCM stereo sharing the tracks (Figure 
Ix); and, depending on the hardware, the 
additonal choice of recording and/or plaving 
hack at 44.1kHz or 32kHz. There are also two 
32kHz 12-hic non-linear scereo channels 
(Ficure 1b). lf recording is macle using the 
latter, then fresh audio can be dubbect anta 
stereo 2 during post-production, teaving the 
original oni Stereo 1. 


Time Base Corrector 

A timebase corrector (FRC) is a stanclard 
feature for playback becuse the farmat is 
pushing the limits, This retimes the digital 
video signal coming off the tape fo correct 
for equipment fluctuations and so 
mininiuses horizontal jitter. There is also 
émor correction to minimise draputs - 
momentary losses of signal caused by dust 
on the tape or damage to its surface. This is 
the ubiquitous Reed Salomon variety, which 
works on symbols (groups of hits) and thets 
deals very effectively with luest errors, such 
as dropouts, where a lot of error are 
confined within a small area and affect only 
a limited number of adjacent symbols. 
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Video sector 
(Video signal is recorded) 










Figure 2. 
Track recarding 
arrangement. 


. ‘Audio sector 
| {Audio signal is recorded) 


















iff Sect 
(Tracking signal, etc. are recored) 






Tape mnning ——— 
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One {fame: 10 tracks for NTSG 
12 tracks for PAL 







Recording Mechanism 










Fiying erase head is not needed 
Tep view 








Side view 






!C system far 
cassetié memory 


Sliding erase 
prevention tab 


Contacts far 
IC cassette memory 
Figure 3. Cassette IC memory. 





Surprisingly Small! 

The early consumers muse have been 
surprised by how small the Mini DY 
canicarnder cassette is. for at 66x48x12.2min 
it makes even the Sma and VHS-C cassettes 
seem large, Even the full size DV one is 
noticeably smaller than VHS, Unusually, rhe 
reconting times are the same for PAL and 
NTSC. This is because 300 tacks per second 
are recorded for both: 12 tracks per frame 
for 25Hz PAL and !0 tracks per frame for 


ane ee ‘ to 3, 
30lf2 NTSC (Figure 2). Giving. maximum : Sony auiwado DY 
recording times of 60 and 270 minutes : Video Walkman. 


(there is now an 80 minute Mini DV 
cassetre; ancl LP increases times by 50%). 
And both cassettes can be used ina DV VCR 
without sin adanter for the Mini one. 

The cassettes offer more than just size 
advailtages, however. They are closed types 
to keep out dust. They can also include a 
builtin IC memory (Figure 3). This includes 
al the physical information :ibout the fape, 
Buz also allows for a table of contents (TOC) 
to be written and read, giving mpid access 
iO scenes, plus any other data thar the 
manufacturer thinks should be written to 
memory. The memory capacity can vary; bur 
the size in bits is printed on the cassette 
(16k seems to be the maximum at present), 


Even without cissette memory high speed 
access is possible-using the data recorded in 
the sub code sector of the tracks. This 
contains an index signal marking the 
beginning of each scene; 
umeécode, which marks every 
frame in hours, minutes and 
seconds, plus fcume number -. 
1-25; and the position of stl 
pictures amongst the moving 
imiiges (Fieure -£). This last is 
anether new development: a 
single image is memorised and then 
: tecorded for several seconds, alon wr with 
> ambien: sound, using fame mode for 
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grester definition. Canon and JVC have 
recently launched models with a CCD urat 
can be switGhed bepsven interlace and 
progressive scanning: thus nvaximising the 
quality of still pictures, and those moving 
images that aré likely to be plaved in still or 
slow motion. Many of the latest models can 
also record a burst of still pictures. 

Video auxiliary data is recorded in the 
video sector of the tmcks_ The standard uta 
consists of the date and time when the 
recording was made, a recognition ID when 
widescreen mode is used, anid the inpat 


source - such as channel number. Optional 


data is maint camera information - shutter 
speed, exc. All oF which can be displayed on 
screen or hidden. The same applies to 
audio auxiliary cata; this being recorded ia 
the audio sector of the tracks. 

Lastly, uve insert and track information 
(PH) sector (actually, this is recorded first, 
the heads travelling up the tracks). This is 
mainly the auto inacking data to maintain 
head and track alignment. But it also 
includes data about insects. With the tracks 

ivided ini seciors it is a straightforward 
matter 10 insert new vileo (Figure 3) or 
audio or bath into existing material without 
causing any glitches (if the equipment 
altows if). These, and straightforward 
assemble edits, being aide! by the timecode 
and search facilities. 


Digital Out 


With quality being maintained by the use of 
the DV terminal to sénd vices, audio and all 
the additional data on the tape in digiral 
form. Always assuming the user has two 
camcorders, one with DV in/out, or a D¥ 
VCR. It is more likely that the material will 
be decompressedt and converted to 
analogue for editing onto VHS or S-VEHS, 
The frst camcorders either had just DY out 
or an analogue output and the first VCRs 
were only launched last year, so there has 
nat been much scope to experiment with 
digital editing and nvulti-peneration copies. 
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other tricks to minimise che amount that is 
recorded). DY is not above employing a wick 
or avo iGelé one of those being 10 only 
compress the picture area that will be visible 
an the TY screen. The discrete cosine 
dansform (DCT) method is then uscil to 
prepare the picture for compression proper, 
because of is case of computation. A ratio of 
5:1 is applied, svhich reduces the video 
ransfer rare to 25Mips. Coding is done on an 
inura-frame basis: this cloes mean that motion 
anelaers can occur if there.are cillerences 
bemeen fiekis due ro rapid subject movement, 
cand editing can he more difficult than with 
the altemative intra-field sysrem - but it is 
beuer chan the analogue formats. 

When it has been error corrected the 
whale lot is recorded onto the IAfin wide 
meal evaporated cape by nvo heacls on 2 
21. 7mm diamerer drum minting at 

2 $000rpm. This gives a writing speed of. 
9.9nvs. The track pitch is 104m for SP and 
Jum: for LP; with tape speeds of 15.8mum/s 
and 12.6mm/s respectiveh. 
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Professional News 

- Gathering 

: Going back to 1993, Marsushica decided that 
DVC also had the potential 19 make a 

: professional news gathering and fietd 

> gequisition format. The equipment would 

> be smailer and lighier vhan other 

professional equipment: anc i¢ would he 

cheaper, nat only because of the 

compromises necessary to mike it viable as 

a cansumer prex)uct, but also because it 

would have that mass prexluctian base. After 

canvassing the opinions of various broadrast 

and news organisations they showed the 

first protorypes in 1994, and began delivery 


Moving picture 


<< Still picture 


Moving piclure 
-@Q— Sul picture 


iappaede 
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The DY terminal is based on the 
(ERE1394 standard for data throughpue of 
up id 400Mbps (known also as i.Link or 


halves the horizonzal resolution by 
comparison with ue luminance; the 
resolution is then halved vertically by only 


ilepeder 


adennee 


Firewire}. It allows equipment to be 
connected up in similar fashion to 2 
computer necwork - up to 64 items in total. 
And the equipment to be intefaced with a 
campatible computer for non-linear editing. 
Eventually it is expecrel to form the. link 
berveen all home multimedia products - 
dieiral Ty DVD, etc, passing not only video 
and aulio hut control signals, ron. Same 
equipment also has an R5232C terminal for 
exporting still pictures to a computer's serial 
pon. Camenis have also appeared thar can 
ourput sill pictures or gmbbed frames 10 a 
storage unit: Sharp has one una: contains a 
2MB fash meman, aid Sony has one that. 
incorporates a starmlard floppy disk drive. 

in addition to being the first digital fonnat 
for consumer use, DY is also ihe first 
consumer format to use Component 
recarding. This keeps the huminance fy) 
signal sepaniic from the chrominance signal, 
and divicles that up inio fis colour difference 
qmponents - RY and BY (or Cr and Cb) - 
Figure 6. Having three separate signals allows 
a wider colour bandwidth, climinates cross 
colour.and cross luminance artifacts, and 
obviates the need ta encode and decode 25 
would be the case with a composite signal - 
thus minimising degraciation and making it 
easier to eclit and manipulate. 

Once in companent form the signals are. 
sampled and quantised. The luminance is 
sampled at 13.5Mliz. The colour difference 
signals are sampled at 6.75MHz: this 
sampling of alkernate pixels effectively 
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sampling Cr and Cb on aliernate lines - 2 -3:2:0 
siumpling structure (Figure 7). This is used 
to keep down che data rate and, ultinately, 
the cost 

Sanrpling rates are recommended bv the 
CCIRGO1 standard. These are based on a 


: fundamental frequency of 3.375MHz; with a 


minimum sampling rate of four times that. 
13.5MHz, necessary to avoid any quality [oss 
(although colour is no1 so critical}. However, 
DVs 8-bic quantisation of the luminance and 
colour diflerence signals docs canfarm to 
the minimum recommended by CCIR6O1 
for a g6od cost/quality performance. 

DV is also the first consumer format 10 
employ direct compression (the analogue 
formats have ail reduced the kiminance and 
colour bandwidths and entploved! various 
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in 525 line nvarkets in 1995 and in 625 line 
markets in 1996. 

DVCPRO is essentially 2 beefed-up version _ 
of the standard format. Thé track pitch is 
increased to 18m and lape specd io 
33.5mm/s (ihere is anly the one speed). 
And metal particle tape has been substituted 
for ME. The sampting suructure has been 
changed from 4:2:0 to the 4:1:1 thar & used 
for the NTSC version of consumer DV. This 
means that Cr and Cb aré sampled at. 


: 3.475MHz: reducing the horizontal 


reoluiion to one quater that of the 
luminance, but without affecting the vertical 
resolution. This allows more intensive post 
production, ai the expense of a reduced 
coldur bandwidth. Other changes are the 


Inserfed video signal 


Figure 5, Video insert. 
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Video sector 


SS 
CSO i 


C signal Is recorded after being divided into R-Y signal‘and 8:Y signal 
= luminance | 


Figure 6. Componant video recording method. 





ae ie ST TARY 2 eae _Dockable VCRs 
meri | ai? °y re Cy tee Both DVCAM and DVCPRO will play DV 
tant Pap | Mr? a tapes (SP only), and DYCPRO will also ptay | 
' DVCAM tapes. The range of equipment 
from both Sony and Panasonic has 
increased rapidly: with dockable VCRs that 
can be mated to a variety of cameras. | 
camcortiers, ¥CRs, eclit VCRs, non-linear 
disk-based editing systems, hybrid diskaape 
editing systems and plavers. Much of ir 
making use of che serial data cansfer | 
interface (SDT), which handles compressed 
video, sub cle and audio withour change: 
and which allows dubbing.at four times 
nonmnal speed with same VCRs. | 
JVC has jaunched a dockable DV VCR, anc 
copether with Panasonic and Sony, inctude 
uprazed consumer DY camcorders in their 
ranges - Heine small and unobirusive these 
can be useful in cerain situations. While 
Canon has 2 ‘prosumer’ camcorder with a 
new interchangeable lens rance. 
In 1997 Panasonic leunched DVCPROSO: 2 
me 6 6Variant aimed at crop professional and low 
RAE © end broadcast users, based on the S0Mbps 
mamma Poke oe hath oh HD specification. This requires advanced 








addition of an analogue audio eve irack to 
give 2ccess Lo audio during fast winding, 
and to provide a third fow quality channel, 
ihe cecording of linear and vertical interval 
industry standard timecodes (LTC and VITC) 
in the sub ecxie sector; the addidan of a 
control wack to enalsle faster serve lock after 
mode trransisiions: and the option of 4 seriak 
digital imerface (SDN - the broadeas: standard 
In 1996 Sony liunched its professional 
version - DVCAM. This is essentially the 
same as the consumer farmat, apart from 
13um tracks, a tape speed of 28.22 mim, 
anda more advanced metal evaporated 
tape. Jt also introduced a feature called 
‘ClipLink’: this captures: small index picture 
from tbe first frame of each shot and stores 
il in camer memon, along with shooting 
Gata - timecode, shot and ake numbers, etc: 
us the cussetie is ejected all the index 
pictures (up (o 198) are recorded onto che 
ape in a maximum of seven frames, and the 
shooune cata is written to the catseite 


a = 1. 


memory. Pangsonic have since -launcheri a AE te jg a aR ee ar por, 
_* «¢ = 2 . . . 7 a = a” <.™ 4" -s 5 ep tp te o— = - oe oa : 
similar shot logging system - DVpix Link’. : " ee de oar we Se ee te tee 
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ME tape, running at 
37.6mnvs, with a four head 
drum recording 20 1Oum 
racks per ame. ‘The xtsnpling 
frequencies are 40.5MHz for 
luminance anc 13.5MBz for 

the chraminance signals, ak 3) ae G at: S a Go & @ db 1 
using &-bit quantisation. ; 
The audio specifies four 

channel 16-bit 48kHz, and Ge? &? &® ees 
eight channel 12-bit 32kHz. ‘ ~ 

Panasonic's DVCPRO50 : be Yy a LY] a iy) a & © © ne YI 
version runs lhe Lape at 

double the HD speed 
(4x standard), has a 4:2:2 4:2:2 Image sampting struciure 4:3:1 Image sampling structure 
sampling structure, 3.3:1 : 
DV-based intra-frame 
compression, and four 16-bie 
$$kHz audio channels, The 
équipment will also record] 

and play at 4:1:1/25Mbps, %, a % 6 %. o 
and will phry standard . 


DVCPRO recordings. & & e G & +] 


= = ¥) g. & 
Digital VHS %° SZ? G°. 
Returmming to domestic 
recunting, Philips, and & @ oe ® & @ 
probably other less 
fornhcoaming companies, plan Figure 7. Compertant 
10 Igunch D-VHS befare the : 
end of this year. To maintain eek phlei abit 
campatibility this will be 





4:2:0 Image sampling struciure 





added to VH5 or VB5/S-VHS VCRs. D-VHS > MPEG-2 transport stream which, apart from = is there is no point in repeating iL. The data’ 
has been developed by JVC - the inventors of =: Reed Solomon error correction and an ? Will be taken from the box or TV via 
VHS, with technical advicé from Grundig. : embedded scrambling mechanism for copy | 1EEE1394, recorded. and played out to the 
Hitachi, Matsushita anc Philips, and support Management, is recorded exactiy as it Is : box or TV via EFE1394 (Figure 8). Because . 
heing expressed by must of the others. > received and is outpurin the same state. : the data is the same there is no gering 
Technically D-VHS is .untike other digital > The reasoning behind this is that consumers : around charges jor encrypted material. it 
formats in that it does not format the dara s-=-—s will already have set-top boxes.or integrated =; will also make it easter forthe programme 
but records a bitstream. In this case an : TVs capable of decompressing MPEG-2 so : providers to change the signals, adding 
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; Digital ’ 


compression 


canversion 








_ Application interface - 


Figure. 8. Digital broadcast recording with D-VHS. 


* 25 & FICPINONICS AND BEYOND Mev 1699 


D-VHS Track Structure 
? 3 ' 3 


sync blocks 
age bits each) 


inverted & precoded 


scrambled, inverted & precoded 


MPEG Transport Stream to Track Mapping 


Two adjacent data sync blocks of the main area are 


uséd to store one MPEG TS packet 


dala syne block 7 


data sync block 1 + 7 


mare audio channels, perhaps, or to mix 
aSPecet ratios, horas fone as it is embedtiect 
in an MPEG-2 ucinsport stream it is 
irrelevant to D-VHS. 

DVHS differs litte Irom VHS. The track 


pitch is 29pm, the tape speed is 16.67num 4, 


and the tape is an upgraded version of S- 
VAS oxide. Its recording «lata rate is 
19.1 Mbps, ancl its net data rate is 14.1 Mbps 
(with bursts up to 72Mbps). The track 
structure and transport stream te track 
napping are shown in Figure. in-adclitian 
ta this standard (STD) mode there is a high 
speed (HS) anc four low speed (15) modes 
for future products. These differ in tape 
specd and data rate. HS nuns at double 
speed (33.34m1/5), with a net data rare of 
25.2Mbps; LS2 runs at half speect 
(S.33mm-/s), recording 7.0Mbps: 1.S3 runs at 
ane third speed (5.67min's), recording 
1.?Mbps; LS5 at one fifth G.33mn/) for 


2. 8Mixps; and LS? at one seventh (2.38mmis) 


tor 2.0\fbps. 


HS is intended for recording high definition 


transmissions - STD for the 625 line cable. 
satellite and terrestrial transmissions thitt 


can Be received now, and multiple packages 





such as ovo or three movies broadcast 
simultaneously. LS will be for low bit rate 
brouccasting such as cartoons. A DF-300 
ape that will give 3.6 hours in PAL SP VHS 
will give 5 hours in STD mode, while the 
DF-420 will gives and 7 hours respectively 
So an on-screen menu will be provided for 
locating individual récordings. 


Photo 6. Panasonic NV-DVi0000 DV-VCR. 


Ficure 9. D-VHS 
track structure 
and MPEG Ts to 
track mapping. 
Courtesy of Philips 


Finally, the ATV and DVB variants of D¥ It 
has gone very quiet... This could mean thar 
an anouncement is imminent; or that they 
Want (0 forget it. Personally, I cannat 
imagine many people wanting co buy a DV 


YER for recording offair, even if they have a 


DY camcorder, not when they will he able to 
buy a D-VHS one. But, time will cell. 
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In Part 2, George Pickworth Looks At Artificial Light 
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& Light Beam Telephony. 


oncurrent with advances in sunlight 

televranhy, Clerk Maxwell predicted 

the existence of electromagnetic 
wives which were later denionsuaied 10 
exist by Hertz and are now generally 
referred to as Herian waves. However, any 
beliels that Hertzian waves would quickty 
rencer Iandlines and cables obsolete were 
dispelled by Professor Thompson. 

Thompson, experimenting with Henzinin 
waves about Im long, demonstrated that 
they exhibiredL characicristics similar to fight 
waves in that they could be reflected, 
refracted! or diffracted. But of puuticular 
significance it was found that Hervian 
waves, like light waves, are rectilinear. 

Prof, Lodge believed that Hertzian wave 
systems woukl only have line of sight range 
anc therefore coukl offer fea, ifany, 
practical advantaves over Visible light 
systems which included the heliograph, 
Aldis lamp and the Lime-light. 


Direct 
Farackey, around 1840, demonstrated that 
light is effected by magnetic fields, and 
when Hervwian waves were ound io form 
par at the electronmeneiic wave (en) 
spectrum. it was assumed that che only 
cliflerence berveen Hertzian waves ancl lighs 
waves was their wivelengih - see Figure 8. 
Lodge believed chat ita way could he 


Cosmic Rays 


5 “12 


Figure 8. The electromagnetic spectrum. 
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devised te prexluce Hertzian waves with the, 


wavelength of light. they would produce 
ligh: far more efficiently than with 
incandescent lanip where much of ihe 
energy inputis radizted! as heat. 

During his lecture w rhe Ashmote:in 
Sociery ar Oxfurd in 1898, Lodge expounded 
Kis philosophy that generation of light 
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would be the mos useful application for 
electromagnetic waves as ie would have 
immediate and practical:social benefits. 

We now know that lighe has particle 
properties and this characteristic 
differentiates light from Herviaa waves, 50 
direct production of light via Hertzian waves 
would seem to be impossible. 


Difficult 


Hertzian waves were, anid srill are, far more 
difficult to produce chan tight, moreaver, a 
detector is: required ta make Mertzian waves 
manifest to human senses. On the other 


hand, visible light is detected direcily by the: 


eve; So, during the latter part of the 19th 
century if is not surprising that attention 
was nore orientated towards improving 
communication systems based on tight 
heams than tawords Hertzian waves which 
were very much an unknown quantity: 


Selenium 


In 1870, an assistant of Willoughby Smith 
discovered that the resistance of seleniunt 
vied in invérse milo to the intensity of 
applied light. ‘This phenomenon, together 
with the develapment at the microphone 
and ielephone earpiece by Professor Bell. 
provided the essential components for an 
amplitude-modulated, sunlight-telephany 
systens. The -helficeraph provided a pattern 
for the vital sighting system 


The Photophone 


Working independent Bell ancl AC Brown 
produced ihe first teleahane to employ 
sunlight as the medium in IS8$1 and whilst 
generally known as the photophone, Bel! 
seems (to have called his version a 
radinphone - sce Figure 92. 

Unlike contemporineaus inductively 
coupicd telephones, where the sender and 
receiver were mutually coupled hy cheir 
closed magnetic ficid, the photaphone must 
go clown in history us the first irue midio 
telephone, ie. where energy leaves the 
seniler and is cacried viz wives to the 
receiver. There is no coupling henween the 
sender and receiver. 


Diaphragm 

It will be seen from Figure 92 that purulle! 
ravs from the sun puss through 2 convex 
fens which causes them to converge on a 
small reflective diaphragm. After reflection, 


Hertzian Waves 


Infra-Red 


Ulira ff 
Violat 


Visible 


N.8.each division is 10 ta the power indicated 





Figure 92. 
Bell & Brow's 
Photophone. 


Parallel rays 
from the sun 


Paraliel rays to 
distant receiver 


Parabolic mirrer 


Selenium ceil 
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Figure &b. Fhe Photophone recetver, 


Reflector —> 


White flame —-»> 


Figure 10. The acetytene lamp. 


the rays diverge and ace made parallel again 
by 2 second convex ins. The resultant 
pencil beam of ligha is directed to the 
distant station. 

Directing the beam would have been 
simplified by using a mirror to direct the sun's 
rays on tO the first lens of che modulator and 
a second minor co direct the mouulated 
beam to the distanc station. The moxtulator 
cowd then havé remained in 2 fixed positian.. 

Wien the dizphragm was subjected to 
sound pressure waves, (shades of Edison's 
phonograph) it became alternarely convex 
and concave to a degree depending on the 
marninide of the sound pressure waves. 
This caused some rays 10 be reflected 
radiaily and therefore did not pass chrough 
the secon lens. The effect was to 
amplitude modulate the reflectect bean. 
Remarkably, 2 basically similar system was 
used with the Gennan WW2 photophone, 
but more about that. later, 


1 


Converging 
“ rays 


ia 


Diaphragm 


Parailet rays 
irom sender 


Telephone 
— . 
earpiece 


Se <— Waiter drip control 


Needle valve 
Drips of water 
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Demodulation 


The beam was demodulated at the distant. 
station by means of a selenium cell and a 
telephone earpiece. Unforiunately [have no 
information of range atained. However: the 
upper frequency limit for a sclenium ceil 
was Only a few hundred Hz but was apparently 
sufficient for intelligible speech - sce Figure 9h 


Artificial Light 
Obvioush; for signalling purposes, an artificial 
fight source is far more versatile and 
convenient than sunlight. Moredaver, with 
artificial ligzint, the source is static and this 
avoids problems. the movement of the sun. 
The artificial light sources could ether be 
integrated with the signalling system such as 
the Aldis lanip or as 2 light source for the 
hetiageaph during hours of darkness. 
Wick-type paraffin lsmps were used during 
emergencies fur shor range signalling, but 
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acetytene and lime-izhe lamps producett 
much more tight -see Figures 10 & 11. Let 
us first look at the acetylene famp. 


Acetylene Lamp 


Acctylene gas was producéd in the lamp 
assembly by water drippine on to calcium 
carbide, A special bumer praduced an 
intense white flame, The lamp hac neo 
chambers, the upper containing water and 
the lower containing the ‘carbide’. Water 
dripping on to the carbide was controlled 
by a neecile valve - see Freure 10. 

Carbidé was produced by heating coke and 
limestone at a high temperature in a electric 
furnace. The lamp was eavironmentally 
fiendiy as the spent carbide was ésséntially 
lime and provicted a useful garden fertiliser. 

Aceiyiene limps were universally used on 
bicycles and early cars. J had onc on my 
hike, it gave a much brighter light than 
battery powered lamps and was much 


- cheaper to run. Carbicie was bought in 


sealecitins from general stores. 


The Lime Light 


The lime-fight produced high intensity 
white light by heating a pencil of quick-lime 
(calctum oxide) in a Same rich in hydrogen 
and oxygen With the circa 1900 signaltiny 
lime-light, the quick lime pencil was heared 
by a methylated spirit amp complemented 
with a jet of oxypen. See Figure 11a. 
However, some types of lamps emploved 
acerlene #5 instead of methytired spirits. 
The most remarkable feature of the 
signalling lime-light was che methoxd of 
producing: anc storing the otygen, for it was 
produced by boiling in water a mixaure of 


: potassium chlorate and magnesium 


binoxide in a retort placecl on the camp fire. 


> After passing through a cooler, the oxygen 


wus stored in an animal skin bay held ina 
wooden frame. When oxygen was required 


: for the damp, 2 second bag filled with canh 


hace 


addi 


TAC hPLi ed beedeiaor 


was placed on the storage bag, thereby 
pressufising the gas. See Figure Pib 


Viodulation 


With sunlight telephony: ic. the 
photophone, it was obvicusly only possible 
10 moxtulace che licht heam whereas with 
arufcial ight it possible to modulate either 
ihe light beam or the actual light source 
though the latter was cenerally only possible. 
with an electrically generated light source. 

Nonetheless, ingenious methads were 
tried to modulate acervtene gas lamps hiv 
inserting a gas bag, which also served us the 
cliaphragm in the gas feed tube. ‘the resultant 
pressure pulses causecl variations in the 
intensity of the flarne, see Figure 12. Let us 
now look at-electically generated light. 


The Arc Lamp 

Are lamps powered by AC were notorious 
for generating Sounds corresponding to the 
frequency of the supply current, This 
motivated Tesla 10 deveiso high frequency 
alternators so that the sound was above 
audibility.. High fequency alternators were 
subsequenily developed for use as Hertzian 
wave transmitters. On the orher hand, an 
arc Jamp ted with DOC produced only 2 slight 
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Figure 11a. Simplified diagram of 
a signalling me light - the lime 
pencil is randared white hot by the 
methylated spirtt/oxygen flame. 


Figure 1ib. Oxygen starage bag 
for Hme-Heht. 


Skin bag 
halding oxygen 





‘hissing’ sounch 

Around 1880 Prof. Ruhmer noticed thar 
ihe audible sound corresponded to changes 
in the intensity of the light and the 
phenoniens was aiributed to variations in 
the volume of the plasma surrounding the 
arc - See Figure 13. 


Speaking Arc 

Ruhmer subsequenth déveloped a method 
whereby the arc was driven by DC but : 
modulated by pulsating DC produced bya 3 
microphone and battery - see Figure 13. : 
The light beam was directed to the distant 
statian where demodwiation was by means 
ofa selenium cell similar to that usect with 
the phetophone as shown in Figure 9. 
Rane was given as 7km. 
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Enter The Thermionic Valve 


The amplifying valve enormously increased 
receiver sensitivity but it also enabled 
electro/mechanical clevices to be used to : 
modulate the lisht beam. The most effective 
modutation method was to enrpioy a 
Mlenaid, enerzisec! by speech currents, 0 
panially none a mirror and thereby deflect 
some of the rays to where they were 
dissipated. The effea was that the intensity 
of the ight beam varied in sympathy with 
speech. See Figure 14. 

Power valves enabled electric lamps 1a be 
modulated directly, but this proved ta he 
incficient and was out of the question with 
early low power valves; these were best : 
suited to amplifving receiver currents and as 
#reacky mentioned for driving clectro/ 


€7:) ELECTRONICS AND BEYOND Miay 1999 


«— Lamp case 


Knob for inserting 
lime pencil holder 


Lime pencil holder 


Methylated spirits 


Oxygen 


Bag of soil 
acts as weight 


Wooden holding frame 


Pulsating gas to jamp 


Gas requiator 


f 


Gas inlet 


mechanical modulators. Nonetheless, 35 
more powerful valves became available, 
direct modulation offered an alicmative to 
electro/mechanical modulators. 


Neon Lamp 


Being a hieh voltage device, the neon lamp 
could be modulated when inserted in the 
anode circuit of a low power valve. With the 
valve apemting in class-A its quiescent current 
kept the lamp alight when modulation was 
zero. However, output from such.a neon 
lamp was too low for light beam eclephony. 

The principle use of the neon lamp was 
to photographically record sound on 


+ 
+ 


sasleltreteteas 


cinenva films by carving intensiry of the fight. 
in sympathy with speech or music, this 
caused corresponding degrees of opacity on 
the phatogriohic film. During projectian, 
the variations in opacity caused a photo cell 
to produce electrical currents 
corresponding to the original sound. 


Automotive 
Headlamp Bulbs 


During the 1930's much interest was shown 
by experimenters in dirétdy modulating 
automobile headlamp bulbs. Indeed, as a 
schoolboy, I to00 experimented with such a 
system in 1939 with the objective of 


_ esrablishing a ficht beam telephone link 


> with mty fiend an Dost Hill. Unfortunately 
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the war puta stop to my experiments but 
not before I had demonstrated the | 
feasihiliry of the link. A simplified diagram of 
my 1939 svstem is shown in Fieure 152. 

Because of the huge volte dillerence, 
i.e. 300V to ihe 616 valve ani GY to ube. bulb, 
(many cars haci 6¥V elecirical svsiems in 
those days) transformer coupling was 
necessary, This arrangement had the 
advantage in chat an auxiliary DC power 
source could be used to constantly bias the 
bulb to point where light emission varied 
more of less linearty to varianons in 
modulation current. (As measured witha 
photograph exposure meter) 

Because of the characteristics at an 
incandesceni lamp, i, that resistance of the 
lamp increases in direct ratio Lo the temperature 
of the filament, light emission does nat 


Rubber diaphragm 


sound pressure 
Waves 


Figure 12. Diagram showing device to 
modulate gas feed to a lamp - sound 
pressure . waves acting on diaphragm 
gas In the chamber thereby modulating 
the gas . fiow to the tamp. 





increase lineariv with applied Voltage. 

My receiver, as shown In Figure 13b, had a 
viewing mibe which enabled me to 
accurately focus light from the sender on to 
the photo ceil. ] am presenily renewing my 


> early experiments but using power FETS for 


modulation which nicely match with 12V 
autameative bulbs. 


Electro/Mechanical 


As already mentioned, much greater efficiency 
could be obtained by modulating the actual 
light beam by means of an electro/mechanical 
devices, the following WW’? appararus being 
a gcxt example. See Figure 16. 


Plasma 


mirror 
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Voice modulated 
light beam 


——— 


100V DC - 


Carbon rods 


+250V DC 


+— Low power valve 


Figure 14, Direct modulation of a 


neon lamp - the vafve’s quiescent 
current keeps the . lamp alight when 
modtutation is zero. 


Although designed pamarify for use with 
an electric lamp as the light source, the 
i944 German Modulated Light Beam 
Apparatus (Photephanc} LiSpr 230/430 had 
an adaptor to enable che sun be usec as ue 
Fivht source. 

AS the light coulet be interrupted and = 
device was used for visual! telegraphy 
(Marse) | am not certain if sunlight could be 
moxhiated or if sunlight was used simply for 
lelecranhy, Nonctheless, the modulator was 
basically similar to the original radiophone 
except thata snaall mirror rotated! by a 
solenoid instead of a diaphragn. also had 
polarisers which greatly improved the level 
of modwlation. 


Solenoid 

My interpretation of how the device warked, 
taken from limited information available, is 
as fotkows, Microphone current was amplified 
by valves which energised i solenoid thus 
causing the mirror to rotate a degree or sa in 
sympithy with speech. With no modulation, 
half of the light revs eravelled through the 
space benween the first pobsrised bars, and 
were therefore art polarised. The other half 
passed through the palariser bars and was 
therefore vertically potarised. 

Afer being reflected! from the mirror, the 
vertically polarised light travelled berveen 
the bars of the second polariser whilst the 
unpolarised| jight passed through ine 
second polariser and therefore hecame 
horizontally polarised. 
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Figure 13. Ruhmer’s ‘Speaking’ arc. 





NMiodulation 


When the solenoid was energised, the 
mirror moved on its axis anct che vertically 
polarised rays progressively carne up against 
the second polariser where they were 
blockecL With maximum. mirror movements, 
Le. Maximum modulation, emived light wrs 
reduced by 50%, Far night time telephony, 
red or infrared Glens were brought into use 
- see Fisure 16. 

The receiver, installed in the same 
housing us the sender employed a photo 
cell and a three vale amplifier 


Viodulation 
By Magnetic Field 


The most degant modulation svsiem, though 
the feast efficient, is based on the effect of a 
maoneuc field! on light. See Fieure 17. 

Ligh. passes through the first polariser 


Lamp control current 


Madulation 
transformer 


(! 





before entering. the lead elass rod placed in 
the cenice of solenoid. So, when the 
solenoid is not energised the light exits 
through the second polariser which is in the 


same plane as the first polariser. 


When the cail is energised the magnetic 
felt! causes che Jight beam to avist within 
the glass rod and therefore become out of 
alignment with the edt polariser. The resuui 
is that ihe intensiiy of light exiting via the 
second polanser varies in sympathy with 
vatiadions in the magnetic field. 

As tlready mentioned, this effect was 
discovered! hy Faraday around 1830 but it 

wits ahead of its time and had no praciicel 
application. However, electromagnetic 
mixtulation received renewed atientian a 
few years ago, when it was found that the 


Figure 15a, The 
author’s 1939 
experimental car 
headlamp light 
beam modulator. 


+300V DC 


6V headlamp 


bulb 


Figure 15h. The light beam 
recelver - the Image of the 
sender lamp was focused 
on the cell. by observing 
through the viewing tube. 


White card 
Photo cell 
~<_. 
To three valve 


battery powered 
amptifter 





6L6 valve 


Light beam 
from sender 


May 1999 ELECTRONICS AND BEYOND EP 


Figure 16a. German WW2 
Photophene system Li. Spr.250/130 - 
No modulatten. The output consists 


izontal 
Light Source nora 





Verticall i 
of both vertically and horizontally umes polarised 
potarised light. + 
__——+——— 
Giass bars Glass bars 
horizontally —+{] [J o T 0 o oO vertically al o 0 vie E Og 
polarised polarised 
a eee :.-Non- -polarised TayS -..--...2-..--- 
- as_ SHETEZOitety polarised ray 
Fixed mirror 
Solenoid «Cis ete tttte rnertentecconsnemaarsteenanaaanes 


Pivot point 


Figure 16b. With maximum modulation - 
moduiator mirrar now moved so that rays 
horizontally polarised by the first polariser 


Modulater mirror. 
No modulation 


are blacked by the second polariser, N.8. The 


rays actually converge on to a single very 
small mirror, in an arrangement similar to 
Figure 9a. Drawings are shown for clarity. 


Light Source 


Glass bars. 


Horizontally —>G] O a NM ET: i O 


polarised 


~ae-rbapae 


Direction of pull 
by solenoid 


mvist of the light heam was more 
pronounced when ithe tead glass rod was 
replaced by certain organic chemicals. 


LEDs & Lasers 


Even with modern light emitting diodes 
and lasers, modulation of che beam by 
electro/mechanical means still seems to 
offer many advantages for long range light 
beam telephony as the technique provides 
a simple method of mexiulating 2 very 
powerful light beam, which as we have 
scen, the source could weil be the sun. 

Obviously, inertia with any mechanical 
modulation system limits high frequency 
response and ine that reason the mirror on 
the German WW2 ohotaphone was made 
very small. However, eleciromagnetic 
modulation would seen to overcome the 
problems associated with electro/mechanies 
moxiulatars. 
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: at the furure for sunlight signalling systems 
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In the final part of this study we will fook that che Greeks burnt the Persian ships at 
the hace of Salamis by satdiers reflecting 


together with some thoughts on the stary sunlight from their shields, 
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Figure 17. Modulation 
by olectromagnetic 
field, based on 
Faraday's discovery. 
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Introduction 

Solar Flare is a cross between a 
triditional board game and a 
computer game. Jc has a 
playing board and pieces but 
moves are governed by a 
nucrocontroller module instead 
of the usual dice. The séuiny is 
somewhere out in space in che 
furure. Your space-staion's _ 
hydrogen tank has explodes! 
and you must take on the 
dangerous mission af orbiting 
the nearest star to collect 
hydrogen before evervune on 
the station dies. You race 
dgunst the ouher players to see 
who cin complete the mission 
first. [ made it for my eighr year 
old nephew Gregory fast 
Christmas and it went down 
weil wich him and the.adults. 11 
is mostly 2 game of chance. but 
there are elements.of risk 
hiking ancl! decision making 
which make it fin to play. 

The heart of the game is an 
Auntie] AVR 9051200 
nucrocontroller. f’s 4 20-pin 
RISC machine designed for 
very law component+‘ount 
circuits. The $1200, as J'l! call it 
fer short, is electrically re- 
prosrummabie which makes it 
ereat for experimenting, If you 
want Lo clo chis you'll need a 
programmer - there are a fev 
Ivpes commercially available - 
and an assembler. Aumel iis a 
free assembler availble for 
dow touch IFyou just want to 
build this game then you can 
gei 2 pré-programuned $1200 
fram the author, ready to plug 
in annul plat: 


PICs With 
Everything? 

in usec io be chips with 
evervthing, now it scems to be 
PICs with everything. At the 
fisk of sounding like a Luton 
supporter, l have to say that | 
found char the range and 
diversity of the PIC fiumily of 
inicroconi@lers gave me 2 
headache - I became an AVR 
fan. A year ago the AVR family 
was simplicity itself: if your 
program wus too hig for the 
905 L200 vou put it in the 
90SS€15. A few more family 
menibers are available now, but 
these ovo chips will cope with 
a wide range of projects: 


Getting It Wrong 
First Time 


After 15 veers of writing 
software I'ma still incapable of 
f£etuing 4 program right first 
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LEG li ebbadia 


peeeeeoeoeetcooeeseeoeeee: 
Ray Kent describes a hybrid computer/ | 
board game with a lot of excitement. - 
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time, so mi first requirement 
fora micronzroller in 2 simple 
system is elecirical re- 
programmability - ictealls:.in- 
circuit. Build your circuit ancl if 
the program doesn't work click 
the erase button on your PC, 
amend the program, re- 
assemite it and squirt the new 
veasion into the chip down-a 
serial link. The AVR is happy to 
do this up to 1,000 times 
before its FLASH memory gives 
up the ghost Even | can 
usually get a small program 


oright hefore-version 1001. 


‘Under the AVR's 


Hood 


The family member useel here 
is the AT9GS1200. The $1200 
has a Harvard architecture as 
opposed the more comnion 
Von Neumann architecture. 
Essentially this means it has 
fixer! views on-what's an 
instruction and what's a piece 
of data. Program instructions 
are held in 1Kbytes of FLASH 
which retains them cliuring 
porerdawn ard can anly be 
modified with exernal support 
from 2 programmer circuit - 
ether tirough a serial link or 


_ by the parallel method which 


involves removing the chip and 
placing it in a suitable 
programmers ZIF socket. Data 
is held in nvo separate chunks 
oF Memory: One volatile, the 
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other non-vakstile. The volatile =; 
ares is Only 32-bvtes in size and 
iS described as 32 registers rather 
than RAM. The non-volatile area 
is 6-{ bytes of EEPROM which : 
can be erased and re-written ur : 
10 100,000 times before it ~~ = Go Slow : 
This does not require any : The $1200 can run ac up to 
external circuitry - the chip bas 16MHz using an external crystal 
it all built in - your program can and two capacitors, but if you're 
ense anc re-write the internal happy cunning at IMHzyoucan 
EEPROAL itself while running dispense with these anc use the =: 
using very simple code. Fust on-chip RC oseillator. The Ester 
don't clo it too often. it runs the more current it : 
Having gor used ta working consumes and the faster the : 
with PCs coniaining 32 Megabytes =; baueéry dies, Solar Flare runs at 
of RAM, the idea of dividing by = | “MHz and just about manages to 
# million (or so) anc having > consiruct simple audio square- 
only 32 bytes makes me feel waves add naise ata 10kAz 
rather claustraphohic, but this sampie rate. The processor 
problem is remedied! by other consumes 2 misery 3mA when 
members of the family If you fully active in this application. 


need more RAM you could 
upyritle to the $8515 which has 
an €xird 512 bytes as well as 
more pins and other features. 
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Figure 1. Complete circult for ‘Solar Flare’. 
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Not Sourcing, 
But Sinking 


The 31200 has 35 programmable 

‘© lines. Each port (pin) of the 
$1200 can sink 20m, but wiil 
only source about 2m<A. This 
medns you can drive an LED 
directly (via a current linviting 
resistor) in sink mode. 


& Passing Mention 


fil briefly mention some other 

highlights of the $1200's 

specification 

® RISC design - most 
HSCMICTIONS EXECUTE in iw 
single cycle 

® Versions are. available for 
supplies henveen 2.7¥ and 6V 


© &-bit timer and pre-scaler 
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© External and intemal 
INECTTUPE SUUTCES 

@ Programmahle waichdog 

@ Analog comparator 

@ low power idle and 
powerdown modes 

® Software security jock 

® Programmable pull-up 
resistors for unused or input 
pots - nice one. once 
designed a circuit for an 83-pin 
micocentroller where mast of 
the kxird was filed with 
useless but necessary resistars. 

An important non-feature is thar 

you cant add external program 

memory (since it will onfy fetch 

instructions from internal Flash). 


> Adding extemal.data meman 


would be just about possible in 
a Heath-Robinson kine of wav. 
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Figure 3, PCB track layout, 


Circuit Description 


The 9V PP3 battery is connected 
via polanty-protection diode 
Dil toa standard regulator 
circuit based around IC2, C2 
and C3. This is a low-drop 
reculator with 4 low intemal 
current constmoption oF 3.544. 
C4 is fitted clase to the 
niicrocontroller (1Ci) and 
provides supply-line. de-counline. 
When power is applied, pin 1 of 
IC1 is held low keeping it in 
RESET siaie until Cl charges via 
Ri. The microcontroller then 
cames out of RESET srate and 
Slarts program exécution. 
LED‘Outputs. Each por iine 
of IC? is configurable as input ar 
ourput. Here, we set all §-Por B 
lines and linés D6 and DS to 
output, These i0-lines can roar 
the. LED's on by being set to 
zero, sinking current, The LED's 
share 2 single current-limiting 
resistor in this design, which 
means they will be slishiy 
dimmer if more chan one is on 
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cancurrenty. In practice, the 
safiware only drives ane LED at 
atime except during the War 


- condition (two LEDs) and the. 


Start-up routine (three) anct it's 
not noticeable. 


Inputs: 

Pons D2 and D3 are conrected 
via S1 (the ‘ENGINES’ button) 
and S2 (the ‘LASERS’ button) 
respectively io ground These 
two lines are proprammed as 
inputs with the internal pull-up 
resistors activated, so they will 
be at Vee except when 2 button 
is pressed. 


Sounds: 


The piezo sounder PZ1 
provides simple sound effects. 
Ports DO and D1 are driven in 
push-pull mode - when DO is 
high Dt is low anct vice versa. A 
bit af top’ is filtered off the 
signal by R3/C5. Make sure yoru 
we a ‘sounder or bare 


41 PRR ect t eee eee ees 


SULA hee ed eee ease e tes 


AAY KENT 
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transclucer, nat a piezo buzzer. 
Buzzers have a built-in oscillator 
circuit and onty produce a 
single tone, The piezo produces 
a rather thin souncl, particulary 
iFyou try a bare wansducer 
element - the casing of a 
sounder makes 2 big difference. 
If you like 10 experiment, try 
attaching a bare transducer to 
the base of a thin plastic 
disposable cup (you'll need 2 


; bigger case), Or go the whole 


hog and replace the piczo by a 
simple audio amp and speaker 
(but don't connect Port DO 


: directly to your hi-fi- it won't 


SUETILIcL icii tei ti eeetrrri 


like a 5V signal with a slong 
10kHz- component’). 


Unused Pins: 

Port D4 is untised. Lines XTAL1 
and XTAL? could be connected 
to a crystal circuit to provide a 
higher clock-spéed (up to 16 
MHz), but in this desi¢n we use. 
the internal iNfHz RC clack so 
they are left unconnected. 


Piddbeerasscaeee 


bbOenOOhE lied erece 


*entnd 


SOPPPERRS+Obesaeeee 


sdarddéenae 


Battery Power. 

There is no on/off switch. The 
software puts the $1200 to sleep 
after four minutes of inactivity 
or when the user presses both 
S1 and $2 together. Pressing $1 
generates an internupt to wake 
it up again. The circuit consumes 
about JOmA when fully active 
and a negligible $44 when 
sleeping. Don't waste your 
money on exatic batteries for 
this circuit - the cheapest variery 
of PP3 will probably last for 
more than 2 year in the hands 
of anyone other chan an 
ohsessive enthusiast. 


Software Description 
This is not the place tw give a 
crash-course in AVR assembly 
language, so Iwill just give an 
guuine description of the 
functionalin: 


Reset: 

After powering up, the chip 
leaves RESET motte and stares 
program execution. We initialise 
the ports by setting them up as 
input or output, We activate the 
pull-ups on the ewo input 
switch lines, and for the output: 
ports, set their initial state to 
‘one’, Which puts them at 5V 
and therefore turns all LEDs off. 
Note the inverse logic - zero for 
LED on. ‘one’ for LED off. 

We initialise the timer to 
pravide interrop at 10dus 
intervals - Le. a frequency of 
10KHz.. Since most of the 


«structions are single-cycie we 


PERE PPP ade baeee 


TOPPA Shade bee eee ee 


might Hope to-execcure up to 
100 instructions bernween 
interrupts. Much of this capacity 
is taken up by the interrupt 
service routine itself. ff vou iy 
adding much code to this 


routine you can expect bizarre 


behaviour as the main routine 
may never get Ume tO execute, 


Weicome: 

The start-up routine now 
provides 2 son-et-lumiere show 
with LED's flickering on andl off 
:0 the accompaniment of a 
hissing souncl After a short time 
it goes quiet and alremates Warp 
and Storm LEDs, waiting for input. 


Timer: 

The Timer ISR Gniermupt 

service routine) is the heart of 

the program and does x 

number of jobs. 

i. Mainiain a software clack 
(Xtim) to provide an easy 
wav for outer routines to 
achieve delays. 
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2. Maintainan EXOR random 
number genemtor which 
continuously generates 
23-bit numbers. 


3. Cutput ‘samples’ ro the 
piezo according to the value 
af the conteol byte ‘Audio’ to 
generate noise or waveforms 
of nwo different pitches. 


Main Loop: 
The program's main loop 
monirors the state of the Gro 
buttons. When 2 button is 
pressed it sets the audie-contral 
variable to request the *key- 
click’ sound - a short noise 
burst. If she player holds the 
button down the code keeps 
repeating the click until they 
release it. The routines for the 
ENGENES and FIRE buttons are. 
very simifar. Next they set the 
audio-control vaniabie to the 
ENGINES or FIRE sound, as 
appropriate. After a shart interval 
they determine the outcome by 
referring to different sections of 
the 24bit random numbecr 
currently in che candom-number 
génerator. When the outcome 
has been decided an appropriate 
sound-cliect is triggered ancl 
the result displayed on the LEDs. 
Pressing the ENGINES button 
will light a single engine LED or, 
less commonly, the STORM ° 
LED. If an engine LED is lit then 
the WARP LED may also be Jit - 
simifving an extea go. The laser 
LEDs will be off. Pressing the. 
LASER button will result in 
either OK or FALL being lit, with 
OK being more probable than 
FAI; ali other LEDs will he off. 


Sleep: 

If no burons are pressed for 
four minutes or ifthe user 
presses both buttons together 
the sofivare will put the $1200 
into powerdlown mode. Before 
it executes the sleep insuruciion 
it ensures that the ENGINES 
buttan has been released and 
tien enables external interrupts 
on this buon. To wake the 
system up the user presses 
ENGINES. calling the external 
interrupt ISR which disables 
external interrupis so we dlan't 
get any during nonnel nunning. 


Construction 
Of The Electronic 
Module 


With only 25 components, this is 
pretty straightforwanl The main 
thing to watch out for is the: 
heigh: of components above che 
PCB - if the top panel is raised 


PEROT Hered e PP eRe epee 


SSCP reer PET ee teene ee be etaiapese 


4 sieeee 


any Furthér you would need 
taller switches. The easiest way 
10 get ihe LEDs to the right 
heigh: is to cut two strips of 
cariboant 0.25in. wicle for stand- 
offs - a fong strip forthe top row 
of LEDs and a short strip for the 
STORM LED. Glue these to the 
PCB to fun berveen the LEDs 
lees, Get the LED polaricy right - 
the longer ieaci goes io.the 
common line, the shorier lead 
goes to the $1200. 

Ii's safest to put ICL ina 
socket But it must be very low- 
profile to fit [ cut wo lengths of 
ten from a socket swrip for this. 
The top end of 1C1 (marked 
with 2 dot GF cut-our} is to the 
left when you view the PCB from 
above in the normal plaving 
position - Le, switches near ta 
vou. LEDs away fram vou. 

i used low-profile racial 
electrolytics for C1, C2 and C3 
bur if vou use taller ones there 
should be room ro bend the 


Jeads and mount them 


sate btesil PeddGPRRed Sheet pares 
. “ ' 


seaehbaddeaae 


S14 PP RECT epee 


rade bated rbadd babadal 


Terai Litieai a 


Odeee ded el PREC e rere 


horizanially: Bencling C4 over 
gives casicr access for inserting 
and removing [C1]. 

1C2 has three leads in-line at a 
spacing of 0.03in. This is 
uncomlortably clase for DIY’ 
PCBs s0 I have moved the centre 
pad our of line - you'll need to 
bend the centre lead to fit. This 
component can also be firred 
horizontally. | 

The leads fom the PP3 clip 
pass through a small hole in the 
PCB where they cin be locked 
with a spor of glue. 


Hf you uses bare piezo 
transchicer insteact of the sounder 
recommended then bear in mind 
thar it will be very quiet unless 
you make a small enclosure for it. 
This is preay casy to do with chin 
niastic and glue. 

I made.a case out of 2mm 


: MBF but the job was tar too 


Ste PRddi ore ad iL RRee LL areas teres 


sreddbassddibe 


PEsIILINI ITER Cera 


pees 


eit laelabddd peed ouge 


rhaee 


venge 


OPFULLi bP ee 


fiddly io describe here, The 
Maplin PB1 box is a close fit but 


you will need to nim down the - 


pillars ancl mount the PCB with 
some well-placed Aller. A bigger 
box would give more breathing 
space and might make 
construction @asicr, and watch ° 
aut for clearance on the PP3 
holder - some twpes of holder 
are 3 lot higger than the PP itself 


Construction 

Of The Board & 
Playing Pieces 
There are lots of options here 
depending on your anistic skills 
and how smart you want the 
result 10 look. 

The published drawing of the 
board is reduced in size..Icleaily 
it should be blown up onto A2, 
but A? colour copies can cost 
£20 each. You could photecapy 
it ata lower magnification anto 
A3 paper. Alternatively you coukl 
opt for the:poriable chess-sct 
type of approach using pegged 


_ pleces on a small playing board. 


Seal a sheet of 2mm or -imm 
MDF by painting it on both sides 
fo prevene warping. Use white 
pdint (c.g. household emulsion) 


Figure 4. Box template showing LEDs. 
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because strong colours will 
show through the paper io 
some extent. Glue the photocopy 
onto it - spray acthesive is pricey 
but worth it in my opinion. 
the capy is black-and-white 
then cofour it in with thin 
artist's acrylic paint. and a very 
smal brush - alternatively 
witercdalour or colouring pencils 
might do. You only really need 
to colour the space-stations and 
it is best 10 leave the backyround 
in black and white unless you're 


: good at petting even teansparent 


Pushes er ei er araitere 


washes. Protect the surface with 
avamish that doesn't cause ihe 
colours to mun - lest On 2 piece 
of scmp before niining your 
artwork! 

Various modetling clays and 
putties are available for hand- 
sculpting the shuties and 


gauge pointers - iv’s not difficult. 


Milliput and Fino are nwo of 
the options, but for a readiy- 
matte solution you could use a 
cork pin-board for ihe playing 
board and coloured plussic- 
headed pins tor the-picces: 

I made gauge pointers br 
forming madetling putry around 
the heart of an M3 bolt which is 
then passed through a hole in 
the board and secured with 


~ washers and a self-locking nut. 


if you want 2 really professional 
finish and see all that as a hassle 


: rather than an opporruntty to 


alpee 


exercise your aruisiry then I can 
supply a colour-printed A2 
sheet for the board and cast 
plastic shuttles and pointers. 





Game board design (shown: 50% of full size) 


— 


Solar Flare Rules 
Your Mission 

Your spate-station’s hydrogen 
tank exploded yesterday, 
Without hydrogen you can’t 
make water and the water 
stocks will only last 2 few days. 
Even the emergency supply 
ship ¢an't reach you in time. 
You hit on a brilliant idea: the 
enormous fares bursting miles 
Out Nig space tram the nearest 
Siar are made mainly of 
hydmgen - you could iake a 
shuttle and callect some. k's 
insanely dangerous but it's the 
only chance for everyone on 
the space-station. Your mission 
is to collect a tank full of 


—— - 


hydrogen and bring it back. 

Tite hydrogen has to be 
collected by travelling around 
the inner orbit, closest to the 
star. It’s marked in red. Each 
step along the inner orbit gains 
you one unit of hydroven.. 
Linfornunately, this is a very 
dangerous region - at any 
moment a solar storm could 
erupt, flinging you out of orbit, 
or you might be attacked by 
oiher players lasers... 


Choose Your Station 
Fach player selects a space- 
station (the six coioured circles 
toward the edge of the board) 
and places a shure of rhe same 
colour on it. 


st 


- Who Goes First 


Going clockwise around the 


board, the colours are in the 


order af the rainbow - I:red, 
2:oranpe, 3-vellow, 4:2reen. 


S:blue, 6:violer. Repeatedly press 


ENGINES until somehboxy's 
number comes up - this player 
has the first turn. 


Taking it in Turns 

Players take urns acccirclinig to 
the order of the space-statians, 
Boing Cockwise around the boarel, 
ie. blue goes after preeni, cic. 


One-Way Streets 
the line connecting any bo 
neichbouring poinis is a “one 


—o 


Way sireeL” You can only travel 
inthe direction of the arraw - 
from ihe thick end 10 the point. 
[f you study the board you'll sze 
thar this simply means you can 
only travel clockwise, never 
anti-clockwise. 


Junctions 


Same points have ove paths 
leading out of then. You can 
take either path. You can 
change direction in this wav 
during 2 move. 


Exactly - or Minus One 
When it is your ruch vou press 
the ENGINES button. Irawill 
normalfy give-a number from 
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one io six. You can choose the 
number shawn or that number 
minus one..5o if it shows *5’ 
you can choose ‘5° or “4*; if it 
shows ‘]" you can choose ‘1° or 
‘0’, etc. Occasionally it shows 
STORM and no number - you 
don't gét a nove, 

You must move if there is a 
path available from the position 
you're starting in - even if it is 
not in the direction you would 
like to go. you arc compietely 
blocked by other shuttles you 
Must move as far'as possible, 


No Jumping 


You cannot jump over another 
shuttle in a normal move. 


Collecting Hydrogen 


You coflect one unit of 
hydrogen for each step vou 
make along the INNER ORBIT, 
ic. between pwo paints that are 
both on the INNER ORBIT. 
(You don't collect a point ior 
arriving on the INNER ORBIT 
or leaving it - only when you're 
travelling along a réd path.) 
You cannot collecaa hydrogen 
during a move that mikes a 
laser challenge. (see tater), 


Inner Orbit Speed Limit 
The INNER ORBIT is a tight 
curve and you can’ stay in it 
with a-speed above three. So in 
a singic move you cannot move 
more than three steps along the 
ENNER ORBIT. For example, if 
you are on the INNER ORBIT 
and vou get a four you could 
choose to move three (the 
‘Minus One* rule) or you could 
move three on the INNER ORBIT 


and then Jeave it for the last step. : 


Time Warps 
When you press ENGENES you 
may ger WARP fit up in addition 
to a number. This means you 
are in a time-warp and can 
make an extra move before the 
next plaver's turn. Make rour 
first move (dealing with 
hydrogen collection and any 
challenge vou micht make}. 
Then say whether you wanr to 
make a second mave. Ifyou 
decide to make a second move 
press ENGINES again and make 
the move in che tisual way. You 
cannot change your minct after 
pressing ENGENES - you must 
eo ahead with the move. 

When you press ENGLNES for 
your second move vou might 
be really jucky and gct WARP 


; again, in which case you can 


have a third move, and so on 
Each time you press 

ENGINES it is a separate’ move. 

This is important for the INNER 


: ORBIT speed restriction and ~ 


laser challenges where certain 
restrictions apply to a move, 
not to vour whole tum. 


Laser Challenges 
if your move will take you to 
anmther shutile's position (not 


: since awo craft cannot occupy 


: collect hydrogen during a 


that shuttle to 2 baser bale, 


the same position. You cannot 


~ 
- 


move that makes 2 challenge. 


EECG Phe maa aE Phe ee Peden 


past it) then you must challenge = 


. 


RESISTORS 
RA “10K.Min Res 
R2 470 Min Res 
R3. 4k Min Res 


CAPACITORS 

C123  GenFlect-10uF 416V 
C4. OA pF tiniEster 
“5 0,022uF,MiniEster 
"SEMICONDUCTORS 

1C1 AT90S1200/16PC 
1C2: 
‘01,2,3,4, 
56 
D7,10. 
DS,9.. 
Oi 


Mini LED Yellow 
‘Mini LED Green: 
[Mini LED Red 
-AN4001 
MISCELLANEOUS 
$12 Lo: Profile Sw HiButn. 


PCB Piegy Sounder 
"32 Socket Suip: 


PPS Batt Bax 
“PPS Clip 

‘Zine Chloride PP3 | 
‘Box PB1' Black 
PCB 

Playing board . 
Shuttles 

Gauge pointers 


Voltage Reg HT1050 


Move your shuttle to the 
position ane short of the 
shuttle you are challenging. Teli 
the other shutue that vou are 
making a challenge and press 
the LASERS button. If it shows 
OK vau win, if it shows FAIL 
you lose. The vo results arent 
equally likely - you nennaliy win. 


4h beede ee 


wi32K 
1739 


CL48C * or CLAGD plus |: 
Ct52G for taller buusn |: 
JH248 | : 
“DCLT 


CiK65V 

HF28F: 

‘NCOTF 

-LH140 * see text 
* Sée text 

“see text 
*-see text 

see text 


7” 


Et ee 


THE AUTHOR CAN OFFER THE FOLLOWING PARTS: 


Dries Nhreglass PCB 
Pre-programmmed S1200 


A2 cofour sheet of board and contro!-panel 
Set of 6 playing pieces and 6 gauge-painters 
All 4 of the above iiems as a set (saving £2) 


Gr, for the more DIY inclined: *- 


Soltvare and drawings on floppy cisk 


Pease add £1.50 p&p to ary onder and make cheques payable to Ray Kent 
Send your order to: Ray Kent, 79, Byron Road, Layton, London E40 5DS | 
You can also e-mail me: ray.kent@viggn.net of visit my Web site: 
hitp://ireespace.virgin.net/ray. kent 


= 
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£6.50 
F750 
£6.00 
£4.50 
£22.50 


£4.00 


“Move the josing shure to the 
nearest vical SAFE POSITION - 


> ghar is the one that can be 


reached by the shortes1 orbital 
pach from its present position. 
Ignore the ‘No Jumping’ rule. 
(There are six SAFE POSITIONS 


? = marked with rings.) Tf the 
> shuttle making the challenge 
= Won move it one scp fo the 


position thar was challenged. 
Neither shure can collect: 
hydrogen during this whole 
sequence. 
i's not always a good Idea to 
challenge another shucle:if vou 
could avoid ic by moving less. 


: for example. This is especiaily 


true if the other shuitlé is on 


: its way home - you might help 
> it along its way! 


Solar Storms 

When you press ENGINES it 
may not produce 2 number but 
ligne up SFORM instead. The 
STORM affects ALL shuttles that 
are currentiy on the INNER 
ORBIT, Starting with yourself, 
and working clockwise around 
the players, each shutile on the 
INNER ORBIT is flung out to the: 
Nearest vacant SAFE POSITION, 
ignodng the ‘No Jumping’ rule 
{just as if it had losea laser 
challenge). Any shuttles that are 
net on the INNER ORBIT are 
not affected. Play then passes to 
the nexr plaver. 


: Tank Full 
> When your hydrogen tank is 
: full you can start making your 


way back to your.space-station. 


The tank cannot get overfilled - 


you can still travel along the 
INNER ORBIT and just ignore 
additional hydrogen units. 


Docking 

To finish vou must dock with 
your space-stalion (gening 
your shuiule back to che marker 
it stared. on). You can't dack if 
youre travelling 100 fast, you 
overshoot. The space-station 
has two entry points. This, 
combined with the “Minus 
One’ rule means that you have 
about 2 fifty-fifty chance af 


: petting on ton when you 


approach. if the number given 


: by ENGINES is too high then 


vour shunle overshoois arount! 
the back of the space-station and 


: Will have ro orbi: the star again. 


The first shunte to dock is 
the winner, Gexx! Luck! 








f : é 
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Gregg Grant recalls some of the glorious machines 
of yesteryear. 


introduction 


Not the feast of nature's ironies is that, in 
order to investigate the behaviour of the 
smallest partictes, scientisss have to use. 
some of the largest pieces of kit yet devised 
by man. Such machines -.1o the layman at 
least - appear to have names, acronyms and 
initials 25 obscure as their functians. 

To the Victorians, machines were the 
symbol! of their technological virility; as well 


Electrostatic 
charge js 
produced by 
frictian — 


-~ 
+ 


as demonstrating the progress uyat science 


and its application had brough:, and would 


continue £6 boing. All that was needed was 
more - and bigger - machines. Therefore 


: when they built machinery they built big, 


ancl Built to last. This is still evident toda 
when, in a number of areas, machinery of 


: Victorian vintage is being replaced. So solid 
> Were many of those structures that - even 
:. With modem demolition techniques - they 


are by no means easy to remove. A goad 


Charge is 
transiérred 
to sphere 


Figure L The van de Graaf Generator of 1929. 





Ctrhesdi ble 


example of a Victarian electrical device was 
the Wimshurst Machine. 

James Wimshurst was.a Londaner, the 
son of the constructor of the first nvo 
screw-propelled shins. After un 
apprenticeship at the Thames Ironworks 
and a post asa Surveyor of Lloyds, he 
became interested in what was then known 
as electrical influence machines. By 1980, 
he hacf built a number of the rvpes then 
available, but was unbajpy with their 
performance. He decided that he'd design 
and built his-own model, which he termed 
a Duplex Machine, but which came to be 
known siniply as the Wimshurst Machine a 
huge, two-plate example of which he 
presented to the Science Museum. 

By 1896, he discovered chat this massive 
machine was an excellent generator of X 
rays. ft was also used in hospitals for 
prxhicing powerful brush discharges, at 
that ime thought to be a worthwhile 
method of treating cancers, among ather 
things! indeed, it wouid remain the only 
machine of its kind until weil into the 
present centur: 


Cockcroft and Walton's 
Voltage Multiplier 


The first ue particle accelerator was built 
by the British physicist john Cockroft and 
his Irish colleague Frnest Walton, at 
Cambridge. They devised a voltage 
muloplier that built up a high electrical 
voltage, capable of accelerating prowns 
such that they displayed very considerable 
energy, or speed. In this context, speed and 
energy mean One and the same thing. 

The Cockcroft and Walton multiptier 
genermied some 400,000V and, in 1532, the 
pair succeeded in boosting pratons to an 
energy level such that they manayed to 
break up the nuclei of lithium atoms. This 
was ihe experiment that realiy began the 
nuclear age. and in 1951 it won the pair the 
Nobel Prize in physics, 


The van de Graaff 
Generator 


In 1929, the Américan engineer Robert van 
de Graaf arrived at Oxford as a Rhodes 
scholar, and took.an immediate interest in 
the Wimshurst Machine, He realised that it 
could be considerably improved by storing 
the charge on a hollow meral sphere. 

The sphere was placed on top of an 
insulating column, the charge being built 
up on a high speed. belr. This belt, ntade of 
insulating material, separated electrons 
from protons, depositing them at opposite. 
ends of the machiné: Van de Graaf's first 
machine - which he cermed a generator - 
produced a potential ai 8 Megavolts (Mv). 
Later, using chlorofluorocarbons - the now- 
infamous CFCs - or high pressure nitrogen, 
van de Graaf increased his generator's 
output to L4My. 

There were, however, limitations to what 
such machines could achieve in particle 
physics research. Whilst their output was 
an improvement aver Wimshurst's earlier 
models, far higher voltages were required! 
1a take particle physics further than they'd 
been taken by Coékeroft and Wakan. 


May 1999 ELECTRONICS AND BEYOND yp 


Seam of particles ~ 





Linear Acceleration : several kilometres. long. The American : which an ac voltage had heen applied, thus 
- phvsicist Ernest Orlando Lawrence however : generating fields which alternately pushed 

: proposed a solution to this problem: make =: and pulled. As the beam's energy increased, 

= the particle path circular. : its path swung closer and closer to the 

: > instrument's rim until i¢ shat through 2 slii 


The Linear Accelerator was developed in 
1939. Commonly known as the Livac, a 
rather obvious dual-clement cerivative, this 
machine - illustruect in Figure 2 - accelerated 


3 : £0 bombard its et. 

particles in stages. The particles passed - The Cyclotron ee ric ue mode} was small, 
through a series of metal tubes, to which : {In 1930, alter same pvo yeassafdevelopment = Lawrencé achieved energies greater than a 
accurately timed voltages were applied, > work, Lawrence built 2 30.5 cemtimerre (coy) = million eleciron voles, or EMe¥ with it. 
boosting the particle beam to speeds closely diameter Magnetic Resonance Acceleraior = However, he disliked the name Cyclotron - 
approaching that of light. : ac the University of Catifornia at Berkeley. = derived fram the fact char the particles 

There was, of course, an obvious snag = The principle is Hustrated in Fiure 3. 2 vavelled in what was, in effect, 2 circular 
with the Linge: its size. To achteve the beans In this desien, the particle path wasbent =: Zinee - regarding it as a piece of laboratory 
energies required, such machines hadtoahe : into aspiral by nwo D-shaped magneis, to > slang. Hence his rather grand alternative. 














Linezr 
accelerator 


Beam of particles 


Circuter accelerator 


Accelerating section Electromagnets 







a 


See: — 


ae 


@ 
¥ 
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~~ 
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Figure 3. The principle of the Cyclotron, of 1930. 
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Nine years later, Lawrence built a 1.5m 
diameter version of his original machine. 
which produced enerpies of the order of 
20Me This, in warn, brought its own 
probiems. The partictes, as a result of cheir 
speed - which was some 90% of the speed 
of light - greatly increased: in mass, resulting 
in their lagging behind and falling our of 
synchronisation with the-aliernating fiekl. 

Thig problem was overcome bya further 
development of Lawrence's original machine. 
which was termed the Synchrocyclotron. As 
its name implied, this machine synchronised 
the supply frequency of the Beld with the 
mass increase of the particles. 


The Betatron 


Accelerating protons was one thing: cloing 
the same tO efectrans quite anotier, for 
they're far smaller particles than protons. In 
19-10 however, a machine for doing exactly 
this was developed at the Liiversity of 
illinois, under the direction of the physicist 
Donald W! Kerst. 

At the beginning of the century, electrons 
had heen known as Sete particles, from the 
second letter of the Greek alphabet. 
Consequenily Kerst termed his machine a 
Betatron another, fairly obvious, dualelement 
denvative. 

structurally, the béiatron was an evacuatexd 
tube formed into a circular loop, which was 
embedded in an electromagnet whose 
windings were parallel ro the loop. AC current 
in the windings produced a varying magnetic 
Geld which periodically reversed direction, 
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Large betairons have produced electran 
beans with energies in excess of 340MeV 
There is, however, one problem with these 
machines - their weight. The 340MeV device 
for example weighs a considerable 430 Eons, 
abniost 2 tox for every LMev! 


Mega Nionsters 


- Big as such machine are, they've been 


dwarfed by the giant particle colliders naw 
either up anc running. or alsout to be, in 
hoth Europe and America. 

As noted earher, the problem with particle 
accelerators w2s relativity, which applied a 
natural law of diminishing rerurns in chat the 
closer such techniques approached the speeci 
of light, the greater the difficulties caused by 
increasing particle mass. Science however saw 
a way forward in the Panicle Collider. in 
which particies are decelerated in one 
direction, and antiparticles in the Oppasite 
direction. and then brought into collision. 

One such machine is the Jeratroz, built 
at the Fermi National Accelerator laboraiory 
in Ulingis in 1983.-its circumference is some 


> 63 kilometres (km) and ir uses. 


superconducting magnets, cooled by liquid 
helium, to proxluce a field sufficient to 


: accelerate protons in one direction and 


anuiprorons in the other. This niachine's 
collision detector is a massive 5,000 tans 
and it achieves energies of 1.Stera - or 
million-million - eV! 

In 1989, the Conseil Européen pour la 
Recherche Nucleairé (CERN) finally 
completed its Large Efectvon-Positran 
Callider, ar LEP 
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This huge machine is 26.7 kin-in 
circumference and has no less than four 
gigantic collision detectors called Aleph. 


Delphi, 13 and Opal. The events they 


observe are coilisions of the arder of 100 
billion eV! 

Presently however, hig scieniific 
machines appear to be going out of fashion, 
certainly with the peaple wh control 
national wallets. [n 1989 for example, the 


| Americans began work on the masz 


anibitious particle investigation machine vet 
devised, the Superconducting Super 
Coflider, or SSC, This massive piece of 


: -€quipment was going to occupy an oval 


tunnel no fess than 85km Jong! 

The budger had been estimated ara 
Slapgenng 11 hillton dollars. Alter some ? 
billion of this sum had bought a mere I6km 
of tunnél, uae United Stares Congress calleci 


> ahak. tt concluded there were far more 


worthwhile - 101 to say readily 
understandable - projécts at which this kind 
of money could be thrown. 

in Europe, CERN had considered building 
an investigative picce of equipment every 
bit as massive as the SSC, the Large Hadron 
Collider, or LHC. This, it was intended, 
would use an existing manne] under the Jure 
Mouniiins near Geneva. Thus fr however. 
this seems untikely: Economie relativity, it 
woukl appear, is every bit as limiting as its 
scientific cousin! 

Next month. in the final piece in the series, 
we'll look ar how an alphabet - or the lack of 
one - could have influenced the history of 
technology over the last avo millennium: 
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ast month we introduced the subject 
of the third dimension and saw how 
ordinary cameras, computer monitors, 
TVs and cinema screens are able - arlewst in 
part - to foot us into perceiving depth, even 
though were looking az something which is 
perfectly flat. This is achieved by 
reproducing various su-called visuat depth 
cues Such as perspective, shading, — 
shactowing and the tike. But, of course, chis 
wt what most peaple mean when they talk 
about 3D. So che nutin part of the-article 
tooked at Hie various ways in which another 
important depth cue, binocular dispurity, is 
recorded photographically or generated by 
computer and How the resultant 
stercograms cin be displayed. We saw that, 
to reproduce binocular disparity, it’s 
necessary io yeneniie two images, one for 
it: left eve and one for the neht. We also 
saw that some viewing method then has to 
be devise: such that cach eve only secs the 
image created for that eve. We saw various 
method by which chis could be achieved but 
all can be summed up by the word 
stereoscopy Exactly why stercoscopy makes 
us perceive depth in such a speciacular way 
is hard to say —1 guess it’s all tied up with 
the way our brains process visual 
information — but mast people find the 
results pretiy spectacular, 
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But impressivé as the various types of 
sterecopram might be, the reclinique only 
adds binocular disparity to the depth cues 
already present i conventional 
photagraphy or computer graphics. You will 
have discovered if you read last month’s 
article, that there are a further pvo visual 
depih cues which stereoscopy doesn't give 
us. The first of these is ocular 
accommodation which is che abilizy to 
selectively focus our cys on objects ar 
different distances, and the secon! is 
mowon parallax. Here, as we move our head 
from sidlé to siecle, Uné view changes with 
object moving in trom of more distant 
objects which hanpen to be in 2 direct line 
with our eves. Gur first topic chis month is 
holography, a special rvpe of photography 
which is able co reproduce every single 
visual depth cue. This month we'll be 
concerned purely with conventionai 
holography bur this will lay che foundations 
necessary to undemtancd the. research into 
computer-renerated holographic hardcopy 
and electronic holographic displays which 
well investigate next month. Our second 
main topic in this month's article is the 
various ways in which stereoscopy can be 
brought to electronic displays. LEnlike the 
quest for electronic hologmphr, this is 
rechnology which is widel: available rocky: 


Peace bidideters 


Holography 

Despite the fact that the hologrum is 2 
relatively recenc incroduction, the word is 
now in everyday use. Perhaps this is due to 
the proliferation of so-called holographic 
projections in Star Wars aad che tke 
although these are most cefinicely in the 


realm of science fiction cather than science 


fact. More likely, it has something to dowith 
the tiny holographic stickers which now 
adom credit cards an! the boxes in which 
Microsolt Windows is distribute. Howeser, 
the impact of these mass produce 
holograms falls far short of that of true silver 
halide hologrims and it’s probably true to 
say that most people have never seen these 
fully feutured holograms. 

When an ordinary photograph is ken 
using a conventional camera, a lens focuses 
light onto the film such that each point on 
the fim receives light reflected off : 
particular point in the scene heing captures. 
The properties af the film then allow the 
reflected light intensity froni each of these 
points 20 be recorded. This gives a wo 
dimensional representarian bur — wich the 


exception of the implied information in 


depth cues such as perspective and shaciing 
— no infonnation regarding depth is 
recorded At this poime, let me reminc! you 
that light is a waveforn:.:Let me also remind 
you that laser light is referred to as being 
coherent. This means that it is 
monochromatic and thae all ihe waves are in 
phasc. If, however, 2 laser beam is reflected 
of some object, the waves in che reflected 
beam will differ in phase, the phase 
difference being 2 function of the relative 
(listance each wive had triveilecL So, if 
some method could be clevised such that 
the phase of fight, and noi just its intensity. 
could be recorded then we wauld have 
enouch information to reconstruci 2 proper 
three dimensional image. This is the 
principle behind holography — let's sce how 


= ie works in @ more detail. 


Simply utking « photograph in the nonnal 
way but using a laser instead OF a more 
conventional light source does not produce 
2 hologram since the phase information 


: won't he recardect. Instead, some sort of 


reterence is required agains: which the 
phase of the waves in the beam reflected off 


: the subject can be compared. This is 
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achieved by splitting the laser beam using a 
semi-silvered mirror 2s shown in the 
iflastmtion. IFihe reference kuti can be 
made to coincide with the beam reflected 
off che subject, an interference pattern: of 
Beht and dark fringes is created. The 
iInterierence pattern contains information 
whout the phase difference between the 
reference and the object beam anc, ifthe 
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Figure 1. Photographic recarding of a hologram. 


nwo beams are made to coincide on a very 
high resolution film. this pattern can be 
recorded! photagriphically. See Figure 1. 

Tt’s important to nore, however, char a 
holovrans i.t:o1 an imave in the:same war 
that a phoegraph is an image. In other 
worts, one point on the hologeam does nox 
carrespoml to 4 pirticular point in che 
recorded scene. Since a lens hasa ti been 
used to focus the light onto the plane, each 
point in ine scene ends up illuminating 
many parts of the hologram. All of this gives: 
rise to # number of intriguing properties of 
a hologram. First of all, since the holozrnm 
contains fight which was reflected off the 
object in many different directions, it 
contains information which should allow 
images from multiple viewpaints to be 
recorded. However, arnt here we come to 
our second point, when you look ata 
hologrant (or more specifically a 
tramsimission halogen) in white light you 
don't see the object which is recorded in it. 
it's appropriate (oO investigate, therefore, just 
how we uo view a hologram. As youll be 
aware, one way to bend light is ta use a *. 
lens. Another way is to use the fine 
interference patterns of a hologram which 
can be thought of as a very complicated 
lens. So, if you shine a beam of laser lielae ar 
the hologram from the same direcuion that 
the reference beam was shane 1o venente 
it, the interference patterns in the hologram 
bends the jight into various direciions 
equivalent to the directions ar which fight 
hit the hologram during its creation. So 25 
you fook through the hatocram vou see the 
object itt full 3D ac the other skle of the 
hologrim as ific weré a window inte the 
original scene. And that scene reallyis in Fail 
3b. Not only do you get binocular disparity 
since each eve will see a slightly different 
image. but 25 you move your head from side 
10 s¢le or up and down then the scene will 
change. You'll see che scene from different 
anvles and objects will move m front of 
other objects. (ve even scen a hologram 
which included a magnifting glass. Ifvou 
moved your head so that you were ‘looking 
Wirougl’ the magnifving glass then the 
ahjects behind it- were indeed magnified. 
Now that's what J call real aD! 

Interestingh, to view-a hologram vou 
don’t have to use a hiser beam of the same 
wavelength as chat used io crente it. 
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Figure 1. How a hologram is reproduced. 





However. the apparent size of the object 
and it’s distance hehiul the hologram will 
vary if you use 2 different wavelenuth. For 
example, if vou create a holosram using 2 
red jaser and view if using 2 blue ser. the 
objeca will appear smaller than it actually 
was. This alse dfustrares why it isn’t possible 
ta view a conventional holagram using an 
ontinary white fight source. Since the 
hologram will defract all colours of light — 
aot just the colour used to créaie it —vou'li 
end up seeing multiple images or different 
sizes each in a different colour li mizht 
vagucly resemble the original scene but 
that’s about all. However, some pes of 
holazrams, and speciteally reflection 
hologriuns — as opposed to the transmission 
holograms we've elready seen -can be 
viewecLin white ligha s6 long as it comes - 
from a point source. A reflection hologram 
is creatéd by shining the reference beam 
onto the apposite side of the photographic 
film fram the object beam, And:now: of 
course, since the illumination of a hologram 
has to be from the same direction as the 
reference beam during its creation, it is 
tHHuminared from the same side as the 
viewer. In other words. viewing-2 reflection 


hologrim is like viewing an ordinary 
photograph, However, the properties of 2 
reflection hologram. causes all but a single 
wavelencth of the fight used to luminare it 
to be absorbed by the film. Only a single 
witvelength is reflected, therefore, and the. 
viewer sees just.a single image in a sinpie 
colour. Many of the mass produced holograms 
are of the reflection rpe but are specifically 
embossed as opposed to being created on 
phowwgraphic film. This gives rise to the well 
tnow minbow eflect — as you move your 
head, though, the specific colour of reflected 
lighc will change and ihe image can be viewed 
in a whole range of colours. See. Figure 2. 
All chat we've seen in this series 50 far 
concerns conventional techniques for 
creatine and viewing three dimensional 
imares — either sierevgrams or halograms: 
Admittectiy we loaked last month at how 


~~. hologram 
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throuch hologram 


light diffracted 
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computers ease the production and display 
of left-right stereo pairs, of anaghphs of 
various fypes and of single image randam 
dlorstercograms and Magic Eve images. 


: Nevertheless, many of the rechniques would 
: have been familiar to Victorian stercoscopists. 


Although this month's coverage of 
halography is much more. up to date, with 
ihe exception of the iaser which is used to 
Create and view a hologram, this doeéss’: 
have much to do with electronics. However. 
all we've covéred so far is essential 
background maierial io our next topic, 3D 
viewing methods designed speGficalty for 
the computer display and for television. 


Stereoscopic CRT 
Screens 


Having just Jooked at the magical world of 
halography, you oighy feel chat a rerum 1 
Stereoscupy is 2 retrograde step, and in 2 
way it is although most people do, 
nevertheless, ind stercoscopic images 
pretty impressive. However, since 
techniques for compurer generated 
holograms, holagcaphic TV and video are 


sull very much at the pioneering stage it 





‘ay 1999 ELECTRONICS AND BEYOND 


peas i ee : : ae 
" Anagiyph of Pathfinder on Mars. 


seems appropriate to start off our 
investigations with technology which is 
available today Actually, we've already seen. 
iwo possible ways in which stereoscopic 
images could he clisplayect on a computer or 
TY screen. The first metho is to displav-a 
leit-nghr stereo pair on the screen and the 
second is to use anaghyphs; but neither is 
ideal. Stereo pairs place canstraints on the 
size and/or viewing distance and angle 
whereas anagivphs can compromise. colour 
renuition. Nevertheless, anagivphs can he 
fount on the Web for on-line viewing as the 
nwo images of the Martian surface 
photographed by the recent NASA mission. 
to the Red Planet and displayed on their 
Web site shows. One is 3 Martian scetie 
containing the ‘avin peaks’ taken fram the 
Pauhfindeér lander whereas the otheris 2 
shot of the Pachfinder and its airbags ken 
from the Sojourner rover. Clearly analgyphs 
can have a more up to cate image chan 50s 
horror movies. If you dics’ obtain a pair of 
red-blue glisses to view the anagivphs in last 
month's article butwant to see these 
images in 3D, see the end of this article for 
details of where 10 eet 2 pair. 

The next method of stereoscopic display 
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on a CRT which we're about to look at has 
none of che drawbacks of conventional 
stereoscopy. First of all..a stereoscopic pair 
Of images is generated and each is placed in 
iis own viciews buffer on a specially adapred 
graphics card. Now, the mo images are 
displayed altermately on the CRT at 2 high 
frequency. Normally, this is done ut double 
the intendéd-retresh rate. For example. if 
you require 2 JOH? refresh rate, the nvo 
imaecs would have to be switched at a 
frequency of 140Hz and this cleariy pluces 
stringent constraints on the monitor. if you 
were 10 look at the CRT in the normal way 
you'd get a result which is not clissimilar 10 
that you get if youlook at an anaghph 
without wearing red-blue funny glasses. The 
picture would be recognisable but it would 
be blurred since you'd actually be seeing 
two slightly different photographs ai uie 
same tinic. To avoid this and, in so cioing, 
see thé image with fuil binecular disparity. 
vou have 10 wear a special pair or glasses. 
Each lens is an LGD shutter, chat is a liquid 
crysial filter which can be made transparent 
or opaque depencing on whether or not an 
electrical pareniial is applied. The giasscs 
connect to the display harchware and this 


images 
alfemated 

al high 
frequency 


LCD 
shutter 
glasses 
synchronised 
with 
display 


Figure 3. Stereoscopic display on a CRT, but this requires very elabcrate glasses, 
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drives the Jenses in way which is 
synchronised to the switching of the images 
on the-screen. Sa, when the left eye's imape 
is displayed on the screen the lefi tens is 


made tninsparenct and the richt lens 


opagute, And when the righi eve'’s image is 
displaved on the screen the right lens is 
made transparent and the Ie& lens opaque. 
Clearly, as with all che other methods of 
stereoscopic reprocuction we saw last 
moni, each eve. sees oniv the image 
generated tor that eye and the result is 


: thrée-dimensional. See Figure 3. 


Bur, of course, there's a snag with wsis 
method of stereoscopy. Most people don’t 
like io have to wear the cardhoart elisses 
which are used for viewing anaglyphic 
photographs or movies but the LCD shurer 
glasses are even less user friendly For a start 
the user ends up tethered to the display 
hardware via 2 cible and secondly, the 


> glasses are heavy. Furthermore, the sotutiun 
:. becomes even more unwieldy wich multiple 


viewers — it certainly wouldn’s fend itself to 
video projection. OK, a few companies have 
produced wireless LCD shutter glasses 


©. which communicate wiih the display 


equipment via an infra réd link Dut this 
doesn't solve the weight problem, in fact we 
might reasonably expect that these glasses 
will be even heavier. An altemative 
technology, thercfore, uses passive plasses, 
Suilf not everyone's cup of cea, admittediy, 
but it's a major improvement on the active 
system. Here, rather than pur zenve LCD 
shutters immediately in front of the viewers 
Eves, an aclive screen is placed directly in 
front of the monitor or video projector This 
screen can be made to polarise the light in 
different directions depending on the 
applied electrical potential. Once again, this 
screen is smchronised to the swapping of 
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Figure 4. Stareoscopic display using passive glasses. 


the on-screen images such that the-left eve’s 
image is polarised differently from the right 
eye's Image. Now alf that is needed is 2 pair 
of passive glasses with crossed polarising 
filters such as those which are used for 
conventional projection of photographic 
stereo piirs. Sce Figure 4. 


Head-mounted Displays 


Perhaps the most obvious and easy méthod 
Of viewing 2 sterco pair is the merhod 
employed all chase vears ago by the: 
Victorian photographers who popularised 
5D. fi is also the method used in the 
Viewmaster 3D viewer. Siniply put avo smull 
images side by side andi use some simple 
optics tO ensure that etch is seen by one eve 
and one eve only: And unlike free viewing of 
telt-right stereogramis this method doesn't 
reqquire you to learn some rather unrsturat 
viewing metho. The next method af 

displaying a stereo pair of electronic imuges 
is basically this method brought up to date. 
As we'll see, chough, when this technique fs 
used in conjunction with a cea) time image 
Seneravion system. exciting new possibilities 
present themselves. 

Tite systeni I'm talking about is the head- 
muunied display which generally tends to 
be associated with virtual reality Whar 
mikes this so sppropriate for virtual reatiry 
appliastions is thae it provides a so-called 


inwuersive environmen. If you sit-in font of 


a TV sereen or computer monitor the imave 
on the serveen doesn't ail your entire field of 
view. So however compelling the story line 
of the film your watching or however 
smipping the actian in the latest version of 
Tomb Raider, youre not going to loose sight 
of the faa hat you're actually sitting in your 
lounge or stunt, The aim. of vicpudl reality, 
however. is to. make you foose sight of 
where you actually are and start to chink 
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that you're in the world displaved on the 
screen. And to do this the image needs io 
wrap around you completely, This is 
achieved by displaying the imwee oni 2 inv 
LCD screen very clase to your eves ancl 
using Optics 10 allow you to focus on the 
image and make it fill vour field of view. 
However, if, insteacdl of one, vou have avo 
LUD screens, one in frontof each eve and 
each with its own Optics, stereoscapy 
becomes possible. And now vou don’t juste 
have an immersive environmen: but you 
uso have one which is in 3D. Well almost. 
ceriainly binocular disparity is added and, as 
we know, zhis can be one of the mosi 
effective visual dépth cues, 

But as we alse know; irs not the only 
depth cue which is missing from a 
conventional photogmiph or elecuronic 
display. The remaining nwo are ocular 

secommodation and motion parallax and, so 
far, we've only seen holography which can 
reproduce them. With pre-recorded video 
footage ihe head-mounted cispiay is only 
ever going (o vive us binocular disparity: 
However, & we're concerned with real time 
compiner generated images then motion 


parallax also becomes possible, so long as we. 


fit # mowion sensor to the head-mounted 
tlisplay that is. Now, as the user's heaut moves 
from side to sicic or up and down, use 
computercin derennine the direction of 
view and re-calulate ard display the image 
accordingly. Clearly this can provide mation 
parallax bur the rechnique goes bevond this. 
AS an allemative to moving to the lefi and 
Fight or up and down, the user might choose 
fo turn round. And nov, of course, it isn’t 
just 2 matter of seeing the same scenc from'a 
slighdy different viewpoint but of seeing 7 
iotally different scene. Once again, this isn’t a 
prodlen if the graphics is being generited in 
real time. Strictly. speaking this is moré to du 
With maintaining the immersive environment 
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Right eye view displayed 





than providing another visual clepth cue-bue 
v5, Revertheless, another way in which the 
electronic image can beanme more convincing. 


Volumetric Displays 


Next month, to complete our series, we'll 
look atvarious diree dimensianal display 
technolowies which are still at the forefrom 
of technology, And this is alse where we'll 
complete this particular instalment. 
Specifically we'll look at 2 possible 
technolagy which seems so obvious but is 
sulf very much experimental, As we'll see, 
however, despite the fet that research into 
Ubis form of displiy continues. it does rather 
appeir that the technology is something of 
a blinct ailey. 

I know that it's very difficult to uv to un- 
leam something but, for the moment, Ly 10 
forget all we've covered in the series so far 
In other words, forger about stereoscony 
and forge about holography. After all, in 
Some ways these are not exactly intuitive 
approaches, They are, déspite appearances 
co the cantrany, bath ways of recarding 
dlepth infarmation in something which is 
actually wo dimensional. How might wou 
design a 3D display if you were starting 
from scratch with no pre-perceived riotions? 
Might you tke che approach of designing a 
display which is actually three dimensional 
rather than flat? Certainty it seems rather 
strange-in the light of the other approaches 
we've feared about but in many wavs it’s 
surely the obvious salution. Such a device is 
called 4 volumetric display and is the three: 
dimensional equivalent of an LCD or CRT 
screen. Instead of a flat suriace in which any 
pixel on that surface can be illuminated in 
any-colour, a volumetric displuy is 3 cube in 
which anv three-dimensional pixel or ‘voxet 
any whtcre inside that cube can be 
iuminated. One way of Qonstructing a 
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volumewic display would be to assemble a 
diree dimensional array of LEDs. The image 
is chen written £0 the display in much the 
sume Way a5 an image is written 19 2 two 
dimensional display. Simply ight up the 
appropriate LEDs to create an image of the 
three dimensional objeccSince the object 
truly woulkt be three dimensional then the 
various depih cues which we've scen will all 
be chere. Of course, the image would only 
be smali, nathing would be more than a 
mecire or so away 50 many of the visual 
depth cues such as colour gradient which 
are only appreciable at distant wouldn't be 
seen. lronically, though, some of the tcickier 
ones to reproduce on a flat surlace— ' 
binocular disparity, ocular accommodation. 
and motion paraliax— would all be present. 
This method of constructing 4 volumeiric 
display is by no means 4 practical 
proposition of course —irwas provided 
purely as an casy to understand illustration. 
The difficulties which come to mind are 
how 1a support dhe LEDs and how io wire 
them up such that che supports and wing 
dent visible and don’ chscure other 
LEDs. Most serious work on volumetric 
displays bas involved filing the cube with 
some fluorescent material and causing a 
panticujar voxel 1O iiluminare by exciting it 
with kiser beams. The usual approach is to 
address a voxel using a pair of laser beams. 
By picking an appropriate fluorescent 
material and appropniate basers it’s possible 
to 'arrange that fluorescence will anly take 
place at a voxel where the two beams 
intersect. Now, of course, We have a means 
of addressing voxels in usree dimensions. 
Ali of this sounds very convincing at first 
sight but there is a snag: Voxels could be 
iluminated, certxinly; depending on the 
technology it might be possible to 
iHluminate them in av colour; and voxels 
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could be murmed off. What it wouldn't be 
passible ta do, however, is to make them 
opaque. So motion parallax of a sort would 
be possible — objects would appear to 
move relative co closer or more distance 
objects as vou move vour head but is 
wouldn’t be possible for ane objec to 
ahscure a more distant object. fn other 
words, objects will all be transparent or 
translucent so 4 volumeuic. display would 
produce the three dimensional equivalent 
of a wire frame moxfel. This would be 
useful for some tasks such as engineering 
design, adimitredly, but it.doesn’t scém that 


je would Jend itself to gener) 3D imaging 


where photo-reality is a requirement 


Auto-stereoscopic 
Systems 


In many respects the volunietri¢e display is 


far from ideal but it does have one 
imponant property which, so far, we 
haven't scen in an elecusnic display — it is 
auco-stereoscopic. In other words the 
viewer doesn't have to wear glasses or 
make use of any other viewing aid. This is 
the usual definition of avto-stereoscopnic 
but id like to add one additional 
constraint, namely that the viewer doesn't 
have 0 engage in the sor of visu 
gymnastics which are required to free view 
left-right siereo pairs or Magic Eve images. 
A stereoscupie display or hardcopy, 
therehore is one in which the scene appears 
three dintensional just by looking ai it in 
the norcntial way. In this senes we've only 
seen one practical method of three 
dimensional imaging which has this 
property and this isn’t an clectronic displa- 
Thai one autostercoscopic imaging 
technique is holography: Most al ixlay’s 
research into electronic 3D imaging and 
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computer 3D hardeapy is concerned with 
SutO-sLereoscopv and as we conchide aur 
look ar the third dimension in next mantit’s 
article we'll see a number of systems which 
are currently being put through their paces 
in the development lalwnratories, 


Sources 


Remember chat if vou necd a pair or red- 
blue vlasses 10 view the various anaghphs 
in jast month's article or the one oi the 
Martian surface in uhis article, chese are 
freely available. 3D Images lad. will supply 
rwo free pairs of glasses (red-green, rec- 
blue ar one of each), Ta take advantage of 
this offer, send a stamped self-addressed 
envelope 10 3D Images Ltd. at 31 ‘fhe 
Chine, Grange Park, Landon, N21 2EA. 

A wide range of 3D prexlucts and services 
are available ftom 3D Images Lid 2t 0181 304 
(22 or http: //wea. stereascopy.com/3d- 
images. The company specialises in most 3D 
iechnolovies inchiding anzelyphs. fenticular 
Stareourams, Side-by-side stcrea pairs, Magic 
Eye tp: stereograms and holograms. They 
can aiso provide steréo cameras (including 
dicieal}, sterca projection systems and LCD 
shutter displavs. 

Spatial Imacing Led. is a supplicr of 
commercial hologriphic services and 
equipment, mainty for security und dispfay 
purposes. The company aun be contacted 
on @181 332 19.48 or you my like ta taike.a 
look at their Web site ac 
http://w. holograms.ca.uk where usere 
is 2 wealth of information-on 3D imagine. 

i£ on the other hand. you have no 
commercial use for hologruphy but find this.2 
fascinaiing area, you might be interested in 
laza Holograms who sell from stock silver 
halidé reficction holograms in 1-oif quaniities. 
Contac 01276 683000 for a cralogue 





BIC-2000 

The BIC-2000 is 30% smaliér than the’ 

current: Bj/C-4300, and is claimed to be one. 

: -of the simaltest desktop printers available. 
Buvit is desioned to nieet the needs.of 
mono, colour and photo quality printed 
output, aml so 1s ideaily suited lor.the 
home user wha requires quality at a 
realistic price. . | 

“This printer is very easy to install and séi- | 
up. The front caver is pulled down.and the 

: ink cartridge carrier automatically centres 

: itself, the cartrklges ‘are then literally 

: dropped into the carrier Driver installation 

: softwareis supplied on CD-ROM and 

iostallect in minutes. 

In use the printer is reasonably quiet and 
simple text: documents were-printed quickly. 
Results were more than adequate for normal 
home and small Dusiness use. Colour 
printing was much slower, especially when 
the photo cartridge was used, but when 
using glossy photo quality papér, thie prinred 
results were earemely good. Obviously, print 
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anon has introduced four new 
colour bubble jer printers to there 
range - ffom the budget BJC-2000. 
to the fast, high perfonnance BJC-7100. 
Each one offers a range of features suited 
to your needs for use in the home to. 
cost effective business and professional 
printing requirements... 

Canon's patented Drop Modulation 
Technoloey is used to produce quality 
colour printouts by varyiag the'size of the 
ink drops. Images are created by using 
dots of different sizes.and colour.- small 
dots for areas of law colour savutratian 
and fine ctezail, ancl large dots for 
saturated areas and solic blocks, Canon 
claim this results in images that have, 
gweater depth af colour and 

-subtlery of shading, 

All the printers can cope 
with a wide range of print 
media, and feature 
automatic sheer feed. At 
the front of cach 
printer is a puil-our 
ray to hold the 
printed page. 











BJC-4400Photo 
This model is primarily aimed at users who are particularly interested in phota 
quality printing at an aflordable price -whether in the home or office 
environment. Compared ro che BJC-4300 mono printing speed has increased by 
30% - up to 6.5ppm. Colour priating using the-BC-21e colour graphics cartridge 
is up tO 2.4ppm. Specially developed inks used in the BC22e carwridge 
(included with the printer) give excellent tne-to-life cesults, plus the printer 
driver includes ‘image optimiser’ which is intended to increase the quality of 
low resolution images. Using the standard BC2le colour cartridge 720 x 360 
dpi resolution is achieved, which is aiso achievable with the thono cartridge 
with smoothing. 

The sheet féeder has a capacity af up to 100 and will accept 64 to 105g5m 
paper, which is’similar to the BJC-2000. Again, using the 1IS-22 aptional scanner 
cartridge: turns the printer into a 360 x 360d pi, 24-bit scanner. 

Buddled with the printer, along with the BC22e cartridge, is a pack of 
glassy photo paper, plus a full versign of the best selling MGI PhoatoSuite II 
image manipulation software which carries a rerail price of £49.99, 

Again, installing and sering up the printer could not be easier, with 
software supplied on CD-ROM. ‘The results were again very coo). It has to be 
said that if you use the photo paper and the photo cartridge, then the results 
are asidinishing. We used imagés from a‘Kodak Photo CD, and used 
PhotoSuite I to ourput the images to all che printers reviewed here. 
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en on sizeof inuge, and 

Int Of text Canon claim anyihing up 10 

mn fh £6 mono printing. and up to 2ppm 

colour using the BC-21e colour cartridge. 
e other feature that makes the BIC-2000 | 

yversatile is the abilicy to convert toa : | 

l a ppee pene. The oe scanner = 


© user to scan n photos, images and 

nts Straight onto your PC. 
The prioter can accept s-wide range of : tSe-z 
types and sizes - A4, B5, A5 legal, a = Ss Zs ~ 
pes - plus it will also print onto fabric fF) - { 
sh ot and T-shirt transfers in‘addition to | 
rans sparency and black print film. 

iF have one minor gripe; then it has co 

he lack of any visu indication that the — 
printer is on. 5 
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i patures 
. Com, compact size 


4.5ppm mono priniung, 
/ 2ppm colour graphics 


4 & 20 x 360dpi resolution with drop - 
‘ ence technology a 


ast drop-in cartridee change. = 






QD Optional 18-22 scanner caruidpe . F: 
Excellent valué for money | 


. Features 
6. Sppm mona printing, 
23ppm colour 


: @® High quality general colour 
printing 720 x 360dpi with drop 
modulation technology 


-_s Photo cartridge and paper samples: 
: & Optional 'S-22 scanner cartridge 
 @ NGLPhOwsuhe imaging software 


aaa 
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Order 
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8C29 fucrescent cert 
{5-22 seanner head 
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| BJC-6000 
| Print Quality toto 
Speed o tototok 
Overall value SOK ! 








> BC-6000 | item s,s Grder_—_Price 

: rs code inc. VAT - 
The BJC-6000 is intended to be a cast- BICEGOO =~ :*«~CSiE~CEO 
effective businéss printer, primarily aimed ar BC3O black can. ‘PZESK £33.99 
professional printing. The printer is based Gn: BCsicolourcan = BZDTh £37.49 


# new four-colour print engine tha: fearurés ~ Liec Fe6s8 Sia 
separate ink tinks, which can be configured ; 
as either mono/calour or colaiir/photo: All thréé print cartridges have separate replaceable, 
ink tanks, which helps to reduce running costs, as only the ink:tanks-that are empty needed 
10 be replaced. ; | 
The first immediate difference is that shis priniér is a lor bigger than the other qwo,’and the 
ink tanks are correspondingly larger, so should havea lot longer life. ‘This printer has been 
optimised for high speed printing - up to Bppm in mano ~and is possible die to bi-directional 
printing ‘and multi-nozzie print heads. in colour this draps to a still impressive Sppm, with a- 
passibic resolution of 1440 x 720dpi. : | | 
When it comes to handling different print media, then this printer is very versatilé. Ii can 
cope with media up to 530gsm i.e. card, and size up to A4+.. thatis fullbleec | 
Optical sensors monitor the individual cartridges for low ink levels and'no ink, so that the 





: user is prompted, when ink level is low and when the cartridge is empty. When this stacé has: 
_ been reached the printer will automatically stop. printing. 

Again installation and Set up is very straighe forward, all software being supplied on 
CD-ROM. Howcver, the print heads do need to be aligned, and this is performed frdm within. 
the printer maintenance window, afier the software has béen installed - a relatively easy task / 
that takes a few minutes: Irvall cases, installation instructions are i . 

. &sxcellent, being provided on-an.a3 size sheet in an.easy- 
2 to-follow diagrammatic jayout. ry 
“This machine is much iaster in mono and colour, 
results again were exrellénr. In draft mode text printout 
was very fast, and results were very good. It is important 
: to remember to select the print mode Le. draft, text; 
© graphiciest, photo etc., and ihe paper being used. The 
print mode has to match the cartridgés installed, and if 


















Canon BJC-4400 
Print Quality tttek 
Speed Kok 
Overall value ttt =: 


Item Order Price : | 
| cotie inc, VAT they don’t you are politely reminded to change the relevant 
BIC 4400 PZ36P £449.09 cartridge. The colour/phote cartridge combination certainly 
BO20 nséeo cant 1x5 £29.99 produced excellent photo reproduction. 
BOP 1 colour cart WXSEL £45.99 3 | 
BC22 phate cat KXGOR '£30,99 Features 
BC29 fluorescent cant ==.KX62S £34.99 : ; 7 - : P 
IS-22 scanner head = © Spon mono printing, >ppm colour 


© @ High qualiry output with pigmented black ink fordaser. 
4 = Tike text - 1440 x 720dpi drop modulation technology - 
h 5; 6-colour photo quality printing . 

© ® Wwin-cartcidge system 

: © 4-scparate ink tanks for jow-cost;-low-waste efficiency. 

: © New printer engine 


Typical printed Image on | 
- @ Flexible print media - to 550gsm, A+ fullbleed, banner Pht Paper = photo courtesy 


Eastman Kodak Company. 


3 1 
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BJC-7100 


This is one of Canon’s top-end bubble jet 
printers, and is intended for. office and 
professional use. In addition to the printing 
features already mentioned on the other models, 
the BJC-7100 includes the patented P-POP - plain 
paper optimised printing, P-POP technology coats 
plain paper just before the inks are applied, the 
inks then bond with the paper to produce water 
fast results which Canon claim are of high optical 
density and exceptional clarity. 

This printer employs a-7-colour photo cartridge. 
system for improved photographic quality, with up 
to 25 levels of colour gradation, There isan image 
optimiser setting for low resolution input and 2 
digiial camera preset option far digital suik images. 

The results on plain papér are certainly very 
acceptable, and print speed was.ceasonahle fast. 
Again, it’s 2 case of ensuring you have the correct 
print set-up, iF you want the best the printér can.offer 
for 3 given pont media. Text documenis were printed 
aut very fast especially in drafi format - much quicker 
than our norniaily used AP TP laser: In normal. rext 
moxie quality was not quiet the same-as the laser jet 


but still excellent. The ink tanks are much bigger than. 


the wo lower priced printers, so.they’should last for. 
some time - depending on print content, off course. 
The question of how long the cartridges will last is a 
difficult one, for ifyou prinrclots of-full-page 44 colour 
images, then cartridge life'will obviously be 
shortened. Ifyou can’t streich to a laser printer, then 
this printer is certainly 2 very good alternative. 


Features | 

@ P-POP technology for high clarity; water-fast. results 

@ 1200 x G00dpi resolution across al] media types: 

@ Up to 550asm weight media 

© High speed, high performance printing in 
mons (8ppm) and photo quality Gpmim) 

@ Photo cartridge.as standare 

© Low-maintenance canriige tanks 

@ Optional neswork connectivity 

© Plug-anct-play installation ; 
including the Full version of MGi 
PhotroSuite I imaging sofiware 


Conclusion , 
The price of printers has fallen over He 
the years, vei the finished results At = 
and speed of printing have 

continued to improve. buse 2 two- 

vear old Canon ByC-4200 at home, 

which has given me no problenis, | 
performs vervwell, but cost me: 

about 25% more than the updated 

BIC~1406! 

All the printers were éasy to s€t up and 
ingall, and all worked first time..Set up 
documentation is excellent, with a manual 
included on the CD-ROM: They are ali 
Windows ‘plug-and-play’ and suitable for 
Window's 3.1, 95 and:98. The one you' 
select will obviously depend on the 
working environment and usage, but all 
should perform extremely wetland 
give a long and trouble-free sence. 

All the printers come with 2 one year 
on-site warranty. | 
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— Canon BJC-7100: 

' Print Quality tobktok?. 
Y| Speed WIKK 
} “Overall value kak tk 


-liem Order Price- 
code’ sinc. VAT 
| BIC-7100 PZ38R: ‘£369.99 
a BCSO mono cart: PZ77 £32.99 
~ | §CG1 colour cart P778K. £33.99 
BCG2 pio car F7BO8 F49.09 
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In this article David Clark looks at some of the 
science behind one particular instrument used on the 
Pathfinder mission. 


a the fourth of July 1997, after a 
seven month joumey, a snuill craft 
successfully landed several scientific 
instruments on the surface of the red planet. 
Mars. The purpose of one of those instrunients 
Was the analysis of che composition of sanie 
of the material on- that surface. 
The mission (see Electronics and Beyond 

November 1998) rerurmmed some superb 
images and an enormous amount of cata 
ffom the planet. Onc of the aspects of these 
explonitions which caniures the 
imaginstion of scientists, the media and 
general public alike is the search for 
inclications of present or past fife on the 
planets. But of at feast equal value is the 
knowledge obrined abour the composition 
of the surface, which provides clues about 
the formation of the planet and the solar 
system itself. Plans are undenway for 
journeys in the near Future which will 
exmuare below the surface of other planets 





= 


and their moons, in particular possible 
oceans below an icy surface layer on 
Jupiter's moon Europa, which are thought 
to be perhaps the most likely site of same 
foom of life. But how do diese lifeless 
explorers analyse the material they come 
across on their out-of-this-waorld journeys? 
In this article lt be looking at some of the 
science Behind the main instrament which 
sampled the Martian soii, che science-fiction 
sounding Alpha-Proton X-ray Spectrometer. 


What is a spectrometer? 
Literally meaning ‘mcasures the spectrum’, 
the specuometer is the device chat obrains 
ihe:‘raw’ data making up the spectrum 
from which (hopefully!) aicaningfal 
information can be deduced. Speciroscopy 
is a. general term for the analysis of these 
spectra whith are a graphical - 
representation of the ranges and intensities 


abrradiee 


of the energy emitied or absorbed by 
Matter as a consequence of the behaviour 
of its atoms, and of the particles which 
make up the atom, ie the protons, 
neutrons and elecarons (see text ar the end 
of the article). The term covers a broad 
range of techniques, but'a simple example 
is visible light spectroscopy which enables 
information about 2 star to be found from 
analysing the différent colours present in 
the specirum of light emiued by that star. 

The terminology used to describe a 
particular technique genemilly reflects one 
or more aspects of che npe of encray 
analysed, the particles involved and the 
source Of excikation which generates the 
output being analysed. In the case of the 
Alpha-Proron X-ray Spectrometer (APXS) 
this indicates che invelvemen: of alpha 
particles, pratans and X-rivs. 


How does 
Spectroscopy work? 


Al a practical fevcl, spectroscopy is 
essentially about the measurement of 
energy levels, and then cormparing those 
measured values to same known references 
values, determined by experiment-or 
theon, which are fixed properties of 
elements, or atoms, or in some forms of 
spectroscopy, molecules. For example, take 
the clement sodium (sce Figure 1). 

Sodium: (atomic number 11, atomic mass 
23) has a nucleus consisting of 11 protans 
and 23-11 = 12 neutrons, and hence 11 
clectrons in its non-ionised form (to be 
nonionised there mus: the same number 
of negatively charged electrons as there. are 
positively charged protons), The electrons 
are disuibured in three shells - 2 in the 
inner shell, § in the next, and 1 in the 
ourer. In its siahle stare, a scaxclium atom has 
cerizin amounis, or levels, of energy 
associated with the interactions of ali these 
particles with each ather. These levels are 
associated with properties such as the 
binding between the protons and neutrons, 
the repulsion berveen prorons, the 
repulsion between electrons, the attraction 
berveen protans and electrons, the 
shielding of the outer electrons by the 
mner electrons, the sizes and distances 
berveen therm all, and so on, lf this balance 
is disturbed by adding energy to the atom, 
say by bombarding it with a high speed 
and/or charged particle, then for example 
one oF thé electrons might jump’ toa 
higher shell. This is an unstable state so the 
electron will instantaneously ‘fall back’ to 
1s Original level, and as it does so it will 
emit exacily ihe same amount of energy it 
100k to move the efectran (or “excite it) in 
ihe first place, in the form of 
electromagnetic raciation. Because of all 
the propertics mentioned above, this 
particular amount of eneérgy is unique to 
the sodium atom, and che same is tre for 
all elements. 

Now suppose the particle which was 
bombarding the element consisted of 
protons and/or neutrons itself If it had 
sufficient energy this particle might interact 
with the nucteus of the element it came 
into close proximity with, and if it did soa 
fixed amount of energy would again be. 
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emited depending on the nature of the 
particles and the intéraction involved. Take 
as an example here the niwrogen atom, 
atomic number 7 (sec Figure 2). 

The atomic number indicates that the: 
nitrogen arom has 7 protons, and in its most 
common isotope has 7 neuwons associated 
with these protons in the nucleus. An alpha 
particle has two protons and nwo neutrons. © 
und when nitragen atoms are bombarded 
with alpha particles there are interacnons : 
which involve exchanges of certain amounts 
of energy and the emission of protons. 
More miraculous perhaps is the-fact that 
when nitrogen does interact with an alpha 
particle s proton and nevtron drom the =~ 
alpha particle become incorporated into the 
nitrogen nucleus which then is no longer a 
nitmagen atom nucleus but an Oxygen atom 
nucleus since as we have seen the nuniber 
of protons defines what an clement is. 
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nitrogen nucleus + alpha particle 


oxyzen nucleus + proton + energy 





So hy knowing the different energy levels 
involved for these different types of interactions, 
the elements present in ao unknown 
sample can he determined by examining the 
energy emitict! when the sampie is 
subjected to energy from an extensal 
source, 2 micioadive element perhaps. 
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An atom can be considered to consis: of a small core, called the 
nucleus, surrounded by electrons which orbit in ‘shells’ around 
the nucleus in much she same wey as planets orbit the sun, The 
nucteus is extremely dense and comprises around 99.9 % of the 
mass of an atom, but auly about one over ten to the power 
fourteen (one hundred million :millionths) of ube volume. There 
are only a few positions where the clectran orbits can exist; these. 
positians are at fixed ‘heights’ above the nucleus, and there.is 2 
maximum number of electrons for each orbit which each orbit 
can hald if the atom is to be stable. The *height’ of an electron 
above che nucleus is 2 measure of the amount of energy 
‘possessed “by use electron, and if-énough eneryy is donated 
10 the electron it will funip" to a-higher energy level ar 
arhit. This however will not be a stable situation and the 
efectfon will instantaneously drop back to its original 
level, at the same dime emitting the same amount of 
energy it alasorbed to reach.the higher energy level 

‘The nucleus-can be considered to Be composed of - 
protons and neutrons (1 proton is 1836 times, and 2 
neutron 1840 tires, 25 massive as an electron). A 
proton has «i single positive charpe, whereas a.neutron 
has fo charge. The number of protons.in an arom of 
arrelenient is siven.by the element’satomic number, 
for examole amon, atomic number 12, has'i8 proicns.. 
An electron has 2: single negative charge and So there. 
areas many clectrons in an uncharged atom as there 
are. protons.<i is lié number of protans thar defines 
what 2h element is, botthe number of neutrons 
in the nucleus of an element can vary 
depending on-the sibility of the paruicular 
configuration. The tov oumber-af protons 
plus nett is. the: taass number of an 
element; atoms of an element with: 
different aumbers of neutrons in tlie 
nucleus.are callexl isatapes of the element. 
Arcon has three stable Sotdapes (unstable 
isolupes undergo radioactive decay until 
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Electrons orbiting in shells 
‘around the nucleus.. 
The number of eiectrans in 

ihe first 4 shells which give 

ihe most stable forms are 

2, 8, 8 and 18 {maving outward, 4th-not shown) 


ae 


Nucleus consisling of 11 protons 
and 12 neutrons 
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Etectrons in ‘full’, 
hence stable, shetls 


Single electron In outermost shet!. This electron can easily be lost, 
giving rise to positively charged sodium ‘ian’, since there is now 
ong more positively charged proton than Ihere are negatively 
charged electrons 


Figure 1. The sodium atom. 







a stable configuration is achieved) with eighrecn, twenty and 
twenty Wo Neutrons respectively; the ihree isotopes therefore 
have corresponding mass numbers of thirty six, thirty eight and 
forty. The different stable isotopes of an element occur naturally 
in varying proportions, and this is reflected.in the atamic. weight 
of an elernent which is effectivelya wéighted average af the 
atomic tiiasses of the isotopes and hence notan integer. 99.6 % of 
argon is in the form-of the isotope with mass number forty, and 
this is reflected in argan’s atomic-veigh, of 39.9: iS. 


- Nucieus’ consisting of 
- | protons and nelitrons: 


Plotting a graph of these enerev levels 
emited provides a more-easily | 
understandable visualisation of the 
spectrum of energy ouiput, anc by 
comparing this spectrum with reference 
Values information can be deduced about 
the sample material 

This then is the basic principle behinct 
spectroscopy, so now we'll took ai alpha 
particles, protons ancl X-rays before moving 
on to the principle of the Alpha-Proton Xray 
Spectrometer (APXS) itself 3 
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Alpha particles, Protons : 
and X-rays 


Aipha particles, protons and. X-rays saund 
mystecous hut in faci we already know what 
they are by knowing what anatam is. 
because they are the terms used to describe 
particular aspects of atoms and radiation. As 
we have seen, an alpha particle is simply 2 
particle consisting of nvo protons and two 
neutrons, and can in fact be thought of in 
even simpler terms, siiice this is just 2 
helium atom (atomic number 2) which has 
lost all (both!) af its electrons i.e. it is a 
helium nucleus. The reason it is of such : 
importance is thar it is a very stable. 
contiguaion, and is one of che particles 
that is emitted when one ivpeé of mdioactive 
decay occurs. When this type of decay 
occurs then the remaining clement has nvo 
less protons and two less neutrons Le. it 
ininsmuics into sonierhine else. Heace For 
eunple uranium (atomic number 92) 
decays 10 thorium (0), which itself tlecays 
to radiuny ($8), which then decays to radon 
(86), which ii tum decays to polonium ($4) Nucleus consisting sofely of 1 proton - if the atom is stripped 


which finally decays to lead (82) which is tes aia The of its anly electron a free elemenlal proton pariicte remains. 
stable, ie: hydrogen atom. 


Peled brat eieonrad 


Nucleus consisting of 7 protons and 7 neutrons tn the 
: Figure 2. The most common form. A second Isotope of nitrogen has an 


nitrofen atom. exira neutran, 
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uranium &> thorium + alpha particte 
thorium = radium + alpha particle 
radium. & radon + alpha particle 
radon > polonium + alpha particle 

polonium <> lead + alpha paricle 







Similarly, a proton is a simply a hydrogén 
atom (atantic number !) with iis solitary : 
electron removed, ie it is a hydroven 
nucicus, antl so along with the neutron is 
one of the elementary particles which 
compose all elemenis. (See Figure 3.) 

Unlike alpha particles and protons which 
are of course pardeles, M-rays are a form of 
elecuronuignetic radiation. Efectromagnetic 
radiation is defined as a disturbance in the 
electric and magnetic fields around the body 
that produces it, and is venerated when an 
electron accelerates, Le. speeds up or slows 
down. So when an electron jumps [rom ane 
shell to another in an atom, and then falls 
back, ¥ is accelerating and so penerates 
elecwomagnetic radiation (see Figure 4). 

The speed at which it moves from shell to : 
shell is dependent on the energy levels 
involved, and the speed at which it moves 
defines the frequency of that midiation, ie 


the frequency is 4 measure of the energy. If an efectron absorbs enough energy to ‘jump’ from one shell, 
Flecromagnetic radiation occurs at or energy level to another, it will ‘falt back’ to its original level, 
frequencies ranging from tens of hertz to ; emitting energy ai a frequency which is a measure of that energy. 
beyond ten raised to the power 25 
(1 followed by twenty five zeros) Hertz, and 
this spread is divided into variously named 
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Figure 4. Emisston of electromagnetic radiation due to elactron transistions. 
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ranpes such as ridin wives, visible lightand : 
fama mays. Says are simply part of this 
specirum of frequencies and as such cover = = 


: Frequenc 
the frequency spectrum of approximarely in fees : 
ten to the power sixteen to ten to the : . = 
power nweaty Hertz (sce Figure 5). = 


Gamma rays 


Alpha-Proton X-ray 
Spectrophotometry 
(APXS) 


APNS, as the name implies, analyses. 


———ee | XK = FES 


material by subjecting it to alpha particles Ultraviolet light 
from 2 radioactive source. Unicler this : Visible light 
bombardment ‘ight’ clements Clightness’ | infra-red light 
referring to atomic number, anc in this case: 

meaning those up to about silicon, atomic ; 

humber 14) emit pratons, or positively ee _ Radar 
charged hytlrogen atoms. These include - Microwaves 


carbon, nitrogen and oxyeen which are the — : Television 

elements making up organic compounds, 

ihe indicaiars of possibly living material. : Radio 
‘Heavier’ elements. in this case heavier 

than sodium, aramic number 11, emiz X- 

rays a5 a result of ionisation caused by the 





hombardment. Rocks. soils and minerals : | Figure 5. The Exira low frequency (ELF) 

are composed of these element andtheir : | electromagnetic 

composition gives an indication of the ; | tadlation spectrum. 

processes involved in their formaiion e.g. : 

perhaps volciic. > Newton’s Rainbow = this spread of mediation a ‘spectrum’ thathe 
Each ‘event’, or interaction, causes the ; : : > Was namine nor only 2 range of colours but 

emission of a ‘pulse’ of a particular fevel of §=: The techniques which come under the = akoa range of techniques which would 

energy. So by using detectors which : broad heading of spectroscopy are now ? enable us to deduce the composition of 

measure the number und energy levels af — ; 45ed for the analysis of the constiments of =? a grars without leavine the: Jaboratany 

these pulses a graph can be plotted which muterial fOunel throughout the universe. = and to wake science ona journey not onlhy ) 

shows peaks at energy levels ¢ isaac Newton in the seventeenth century iS ini the aiom but alse to Mars and beyand 

corresponding to particular elements,and =: ‘the person credited with first recognising : , a. 

the heights of these. peaks indicate the : the signifreance of what he saw when he Ack led ts: 

relative abundance of the elements and : passed a ray of sunlight through a prism : CHnoWwle semen Ss: 

hence the elemental composition of the : and showed that it was composed of many =: Encyclopaedia Brittanica CD-ROM 

material under analysis. (see Figure 6.) : «colours. Lite did he know when he called == Electronics and Beyond November 1908 


Potassium 
Manganese 


Aluminium 


Number of Pulses 
Magnesium 


Energy Level 


Energy ievels along the x-axis correspond to known characteristics 
X-ray energies generaled due to ionisation - thus each peak can be 
identified as being due to a particular element. The number of pulses 
plotied along the y-axis corresponds to the abundance of the element in 


Figure 6. A hypothetical spectrum. the sample. 
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If you started on PCs before Windows 
95 you might not be using your system 
to the full. Mike Bedford shows you 
how to make the most of the desktop. 


oT 
Pia. 


Mike's 


Compute 


NETL EG 


| 
: 
rs 


Ne 
Neighborhood 


The lhteme! 


———EEE 


<M. 


Inbox 





Recycle Bin 

he nature of software is 
Te that it’s difficult to 

write a column fike chis 
confident that the information 
presented will be new to 
virtually all readers. Without a 
doubt many of vou make fall. 
use of the Windows 95 ar 98 
desktop. But since there are 
lois of wavs of doing things. 
Other people — mainly those 
who have graduated from an 
earker version of Winctows — 
niay not bx aware of how 
powerful this Eciliry is. Using 
the desktop wan't allow vou to 
do things that can't be done in 
other ways hut it could make 
vou more productive, Oihers 
may simply clecide that it’s 2 
more intuitive inrerfuce, 





Try it Out 


The Windows 95 or 98 desktop 
is the background which you'll 
see if you're not displaying full 
screen windows. By defautt it’s 
turmqEoise but, as we saw in an 
eartier column, you can change 
tts colour or clefine @ pattern. 
But it’s far mare than just a 
ancy looking screen background, 
The casiest way to get a feel for 
the deskiop is 10 try some 
things oul. SO 10 start oul, open 
the Windows Expiorer. make 
sure it doesn't occupy the full 
screen, select a dita fite (e.g. 2 
wird processor or graphics 
Ble}, hoki down the Cut key 
ant drag that file off the 
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Windows Explorer window 
onto the desktop. You'll find 
that you end up with an icon 
for thar file’ on the deskinp but 
the original file will also be in 
its original folder. And just as 
with nom Operations in 
Windows Explorer, if you hacin’t 
held down the Cui key then 
you'd have moved the Ble vo 
the desktop rather than just 
puting a cupy of ii there. In 
the following screen shai I've 
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figure out exacily where files 


an the deskiap are stored. 


Cerinly these must actually 


> be stored on the hard disk 
: Somewhere but | suggest that 


drapeed a copy of the fle wdLledir ; 


onto the.deskrop and you'll 
notice that it appears alongside 
the various icons which were 
already on the desktop. 

‘AS vou might expect: so long 
as the file-has an application 
associated with i, then double 
clicking on the icon will open 
that fic in the appropriate 
application, In the case af my 
ile, double clicking on the 
icon apens it in Corel Draw! 
‘Iry ik on your fle. The desktop 
is, therefore, a useful place to 
put files which you're going to 
access frequently —it’s much 
easier to oped a file here than 
to find it in the hierarchical fle 
system. Clearty, thouch, iz 
doesn’t make sense ta keep 
ioo many files here at any one 
iime — needles and havsracks 
come %) mind. 

I'm sure that a.number of 
readers will already be iving to 
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say Desktop 
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3 Ps 
=~ 1S) Mike's Compater 

SI 34 Roppy fA’) 

Ss) Pare [(-) 

5} OSdtes_edit (D:) 
—{] Contol Panel 
{5} Printers . 

| {By BislUp Networking 


cea Network Heighborhood = | 


1S} Recycte Bin 
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you view the desktop in 
conceptual terms only: Viewed 
this way, the desktop is nora 
part ol ihe hari! disk, in fact it’s 
not even part of the local 
campuier, it's at a higher level 
than this as the following 
Windows Explorer screen 
portion will prove. 


Desktop Folders 


Having just suggested that you 
don’t keep many files on the 
deskiop, if vou really want fo, 
yOu can organise the deskion 
as hierarchical folders just like 
the hard disk although, 
personally, | think this cdlefeats 
the object. However, do trv it 
out and if you fixl it useful 
then use it. Finda biank ares of 
the desktop and click right. 
From the menu which is 
displaved selecr New > Folder. 


: A folder with the default name 


New Folder is createcl on the 
deskiap und you can change 
this to 2% more meaningful 
ram justas you would in 
Windows Explorer. In fact, if 
you really wane ro find our 
where Windows stores deskiap 
documents, double click on 
the folder icon to open te: 
folder and you'll find that it’s 
achuaily stared in 

CAWIN DOWSDESKTOP, 
{atthough this folder is hidden 


> by default in the Windows 


Explorer). Furthermore you 
can night click in this window 
to create folders within that 
faldler acd infininun. 


A Clipboard 


The deskiop can atso be useci 
as a sort of clipboard. Let's see 
how this warks. First of all, 
copy a smali-graphics file (in a 
format supported by your word 
processor) co the deskrap 
using the Windows Explorer. 
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Now open up your ward 
processor and twpe some text 
Into a new document. Now, 
ensure that the word processor 
isn’t maximised so that the 
desktop is visible and crag the 
graphics file from the desktop 
ific your worl pracessor 
document. ‘The graphics will 
appear in the document at the 
position vou release the mouse 
button. You €an also do this in 
reverse. Trv highlighting an 
area Of text in your word 
processor document and 
dragging it onto the desktop..A 
new ‘scrap’ Rle-will be created 
on the desktop containing the 
selected text. Clearly this can 
now be dragged into another 
document. This also works 
with spreacisheets, graphics 
software, in faci just about anv 
application. 


Shortcuts 


The other wpe of abject you 
cin place an the desktop are 
short-cuts to programs or files, 
in fact, you prohahly already 
have some shon-cuts on your 
desktop siace this is the way 
some applications are installed. 
A SHort-cut is an icon which 
allows you [oO Start an 
applicaion or open a fife niore 
easily than finding it in the Start 
menu or fram the disk. A shor- 
Cut Is nNoLa copy ofa file or 
application though —we've 
dread scen how co create 
these on the. desktop — it’s 
purely a way of accessing a file 
which is starect elsewhere. As 
with data files, though, it onhy 
makes sense to put a few short- 
cuts on your desktop. If you 
have too many, it will prove 
harder to find them on the 
desktop than by orher methods, 

‘Td create a shortcut, find the 
file using the Windows Explorer, 
select it ancl copy. Now move 
the mouse pointer over the 
deskiop, right click and select 
Paste Shortcut rom the menu 
which is displayed. 

And finally anything on the 
desktop — i.e. 2 file or 2 short- 
cut - cin be deleted (or moved 
tO the waste basket) by 


: selecting it and pressing Shift 


Delete (ar just Delete to put it 
in the wastebasket). 
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Helen Kits — 


This month Jobn Mosely constructs two kits from the 
Velleman ‘Minikits’ series. 


he Velleman Mint-kits are 
T= just an exceileniy 

introduction to electronics 
for the beginner, but aiso 


PROJECT 
RATING 





1N4148 


obser 
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provide some ‘tight celief™ to 
the more experienced 
constrictor, or can De adapted 
for more novel applications. All 


SPAT PL SMOL PPh AEG 


are inexpensive - costing less 
than a fiver, and include. all che 
main components, except the 
battery aici enclosure. § have 


put together several of them 
now - exch ane can be 


consiracett in less than an 


hour - and all work very well. 
Each kit is packed in a small 


clear plastic ‘box’ that are 
suipted toa thick foldect card. It 
is. worth remembering that che 
card has ihe instructions and 


circuit diggrim ponted on it , $0 


be very careful when removing 
the packaging. Being someone 
who's evesight is not whiaz is 
use to be, he circuit diagram Is 
rather smail, making reading 
values little difficult. However, 
avercoming this probleni is 
relatively easy and following ihe 
construction diagram soon 
produces a working module. 


Construction 
Construction is very straight 
forwarti, and in scneral stars with 
ihe small components - resistors, 
diodes, capacitars, irinsistors, 


: elecirnlytics, LEDs, DILIC sockets, 
> ‘switches etc. Insertion of the ICs, 


if any, is left t0-last. Most af the 
kits require a 9Y PP3 battery (no1 
supplied} power supply, and 2 


suitable battery holder is 


included chat convenient 
screws (o the PCB. To date, I 
have required no test equipment 
tO set up the finishect kits. 


LED ‘RUNNING LIGHT PARTS ‘LIST | 





RESISTORS 
Ri -~ 142 3k3 Min Res 
RVi° . 2Ki2 Horiz Preset 


‘CAPACITORS , 
Cine 10nF 
c2,3 1pF PC Flect 
SEMICONDUCTORS 


Di 184148. 


| ORDER CODE PRICE INC, VAT 
| VXO6E £4.99 


ICZ ' 555. Fimer 


IC2 “CD4015 Dust 4-bit Shift Reg: 


LD1-8 Red LED Low Curent 


lc2 
CO4015 
Dual 4-BH Shitt Register 


10 15 13 


MISCELLANEOUS 
Swi, 2 Single Pole Push Sv: 
Rati ; OV PP3 
Battery Hoider 
16-pin DIL Sockét 
8-pin BIL Socket 
PCB 





SW2. 


ProgiON [ R12 3k3 
=a 
DA 











LED Running Light 


The circuit is very straiphttorward 
and uses a 555 timer chat clocks 
a 4015 dual thir shift register. 
11 provides protection from 
madvertent reverse connection 
fo 3 battéry supply, Ray Marston 
in his excellent article LED 
Chaser & Sequencer Circuits 
(December 1998 issue 132) * 
explains the operation of similar 
types of circuits. RV1 is used to 
adjust the speed of ihe lighting 
effect. SW] and SW2 are smal! 
push-to-make switches that 
turn-ofifreset the circuit (SW1) 
and curn-on and programme 
the effects. The first push 
causes one LED to tight and 
progress from lefi to righi, and 
continually pressing increases 
the number an to ovo. then 
three ec. again moving from 
Ich to ight. A point is reached 
when all LEDs will be on. 
Although on che supplied PCB 
all the LEDs are in @ stright 
line, there is no reuson whv ire 
LEDs cannot be placed 
remately (to 7 small box}, and 
arrangedt in any desired shape. 

Ic is importane to observe 
correct polarity.of the diode, 
electralytics anch LEDs, ane the 
board legend clearly indicates 
correct polar. As always, 
please check your handiwork 
for shorts, dry joints eric. A few 
minutes carefuily checking the 
boar! can save 2 lot of time and 
hearnzche. 

the final result produces 
pleasing results. The LEDs are 
bright and the unit consumes _ 
very lite power. 1 had the display 
an jor several huurs and the 
batrery wis sali going strong. 
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‘SPECIFICATION 


Output waveform: sine, square, tiangje, integrator 
Frequency: ARKHz fixed 
Quiput Jevel: fa) to 200mV rms 


Power supply: OV 


‘SIMPLE SIGNAL GENERATOR. ‘PARTS ‘UST. 





RESISTORS 


SEMICONDUCTORS 

uinges 8 
in Has 3 + 

"15k Min Res = 2 

4u7 Min Res = 

OOK SS ——wuseeuaNeoUs 

7k Preset = Gait OV PP3 Batter 

: Battery Holder 

8-pin DIL Socket 


ANSO07 
BC547B 
555 Timer 


10nF 


100nF 


4uF PC Elect VXS4C 





C7 190nF 


47nf = ORDER CODE PRICE INC. VAT 
£4.99 | 


Signal Generator 
This is a very simple circuit thar 
amin uses 2 555 dimer ser ac KHz, 
which produces a square wave 
output. It can chen be shaped 
t6 produce either a “square,” 
integrator,’ ‘tangle’ or ‘sine 
wave Outpui. A smiull juniper is 
used io select ihe desired 
output waveforms. RVI provides 
a vacithle curmpur level to inject 
in to 2 circuit. This output could 
be attached 10 4 suitable probe 
if so desired, with an earthing 
connection via a feneth of wire 
anda crocodile ctip. 

Again construction is ver’ 
suimighifonward, anit 10k less 
than an hour. This project can 
easily be mounted in to 2 small 
plastic bos witha probe attached. 
The fitdle jurmper that is usec] to 
select the outpul wiveform 
coukl be replicect by a smutll 
rotary switch or slide suaich. This 
would depend on your choice if 
vou wanted all the-availabiec 
output wavefarms. Similarly, the 
positive batter lead could he 
routcd via-a small push-to-make 
switch, Or 2 small single-pole,. 
single-throw ope switch. The 
battery should last tor many 
months beforc it needs replacing. 

{ checked the waveforms on 
an ascilloscope, especially the 
sine wave, for distortion, purity 
ct¢.. and found the waveforms to 
be exceptionally good at TkFlz as 
chimed. The variable ourput level 
oroduced a maximum output of 


' d00m¥ pk-pk. 


‘his is an excelleni little kit, 
that not only is casy to make, but is 
a very practical one roo. 


fVY\ TRe 


BX / 805478 


J1..J4 select ouiput wvavefonn 
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Diary Dates 


Beery possitvte efor has becn made 

to ensure that information presented 
here is conect proz te publication. 

Te avoid disagpomtment due to fate 
Changes of ameniments, piezo Contact 
event ofganisaticns to confirm details. 


April 1999 
1 Apel. interme: Sesransz, Sta; Legokyyi- 
Varatow, Ter (01285) 8844232. 


3 to 18 Apd Edinbergh rtemationgy Scence 
Festi.al, Fdintersh, web (0431) 220 6220, 
13 to 15 April NEPCON Bectrovics, NEC, 
finrimncham. Te: (0481) 940 7910, 


20 to 21 April Internet EXPO 19°98, Ears 
Coast, London. Tet: (181) 742 259R, 


May 1993 


6 May, Interest Seniinas Stax B7minenen.— 


Teh (01285) 88£492.. 


47 to 19 May Cab: & Saisie 

Jdadscast 1999, Eats Coun, lordon 
Bt (0181) Si0 793L 
25 to 27 May hens Word LK Song 1959, 
Fats Gout toodon, E!: 6174 975 O65. 
25 to 28 Alay hacth intematons Cocfrerce 
On tM eteing aud Tails ir frersy Susy 
iiterstoral, IEE, Cosiarence Cenue, 
Brrengheanrs fet: (O17 4) 240 587. 


26 ta 27 Mfay Embecicd S,stems, 
Cirrcxa, London. HE (O27 2) 694 16K). 


June 1999 


7 to 12. Jume. 26h intemasonal Perret 


Coneess, &E, Efinbuch Intemational 
Conrence Cerre. 3: (04.71) 240 7872. 
& Ame. #terret Serine, Stev, cal os 

et: (G5235}) BB4432. 

8 to 40 June. in,roomars eetrncg Sr, 
het, Bova, & (0iR4} 920 77s2. 

21 to 23 June. Peocis in Cantrot an 
bitematio a Conferawe on Hurret 
interfaces in Control Rooms, Coctnts and. 
Comrand Centes, IEE, Uriversiy of Bath. 
fe: (0271) 240 187. 

12 0 15 June. Sever eenarss Cortese 
Gt imess Processnd ond its Appoogions, 
Narcheser Te: (0771) 246 1872. 

29 Jume ta i July. Networss ets, 
National Eahiitien Cerre, Borraigiiam: 

BE 423) 742 ZEAE. 

30 kame to 4 July BSC fomenm.y’s Viewed Lae, 
Fars Court, London, Br (0273) 202 2555. 


July 1999 


6 duly. eteret Serna, Star, Ot Trafor), 
Mencheste: Te: (01255) &84422, 
26 to 28 July Thid Intemational Canteen 


Mn Ata AD ari AC (Sn ty... 


end thez Anolectons, Uniersity of 
Strath, Glaseow. Tek (O17 2) 240 4874, 


August 1999 


10 Aug. imsmet Serna, Star, Erinburch. 


Te? (01285) BB4522. 


23 to 27 Aug. Eeserih Ritemaboral 


Syposeen on Hes Vote 
Lorton. Tex (0171) 240 1872. 


September 1999 


1 te 3 September Ninth lterstccel 
Canference on Bactical Macrares and 
Ones, Ganheabury Chas; Church Coless, 
Fe: (017 1) 246 187 

7 to 10 September Ninth et anaiioal 
Conference co Armrical Neural Netvairks, 
lEE Corfarence an Art ‘final Neural 
Networks, Urdversity of Edintsursh. 

Tet (G173) 240 5874. 


Please send delails of events for 
inclusion in ‘Diary Dales" ta: News Editor, 
Electronics and Beyond, BO. Bax 777, 
Rayteigh, Essex SS6 8LU or e-mall to 
swaddineton@cix.compulink.co.uk. 


What: 
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Going Solar Together 


What do Neweasde United's foosball stadium, ihe 
Earth Centre near Doncaster, and the Equinox 
office building in Wesi London have in common‘. 

Answer. They are alt buildings planning to use 
solar energy insiailauions to provide rem with clean 
electricity They are-also typical of projects on which 
energy minister fohn Baule asked for Govermnient 
asic iedostre to work iogecher speaking ac the 
DTVEnginéering ancl Physical Sciences Research 
Council (EPSRC} Photovoltaics Conference in 
Manchester at the beginning of February. 

Speaking at the conference, Batile said, “Solar 
energy has real potendal, and I want Goverrunesi 
ane industry 10 join forces to develop irs long: 
term future. This is why 1] am asking for the 
incusuy’s invalyement in t#king fornandl three 
major ocw initiatives in the field of phoievaliaics. 

“The first project is a field trial for around 100 
homes across the country, fo test a variety of 
actual phowovaltaics installations under real 
conditions. This would help us explore options 
and pave the wi for a possible larger programme 
in the future, The project will look at the size of 
systems, types of building, and different 
rechnalovies:.A clesign manual for house builders 
is one of the aims of the project. 

“The second initiative is a cail 
for proposals for the 
devefonmentof photovoltaic 
components and systems, with 
the aim of enhancing the 
competitiveness of UK 
compames. Projects could expect 
to receive bcoween 25% and 50%, 
of the total cost from a buciget of 
<1 million. Preterence would he 
HIVEN to projeécis involving 
collaboration bewween 
companies. and so take advantage 
of the widest sources of expertise. 

“Potential projects could 
include applications with export 
potential, especiaily for 
developing counuies, These 
could include water treaunenr, 
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communicitions, refhveniion, 
healthcare and solar home systenss. 
Applications could also include 
building integrated proxiucts aril 
services - for example, mutlti- 
functional roofing and cladding 
products, or tools which help in the 
design. implementation ar 
aperntion of photovaltaics systems; 
balance of sysiems components. 
such a5 enerey storave systems, 
Wirkyy and comections svsiems;: 
and miinufacturing processes.” 

Baile continued. “The third 
scheme would develop showcases 
for UK rechoolugy and desien br 
demonsurating the use af 
photuvelisics in lecge-scale building 
apnficauions, and ig esialitish best 
prictice for the future. | woukd fike 
fo see proposals from as wide 2 range as passihte - 
commercial offices. lame retail oudets, hospitals, 
leisure cenuces, or lige housing esrares. I hope we 
can func five or six instatluions a yeac including 2 
proportion of the capital costs as well as the 
design, monitoring snd evaluation of cach project. 

“This indusuy has come a fong way already. and 
ix has 3 preat fiurure ahead of ic. | an ¢leterminert 
fo suppart the industry so that it can take its place 
in this Government's drive for more enerey from 
renewable resources.” 

The three proposed inttiglives are currently zt 
planning stage, and comments from the 
photovoltaic industry are being sought on the 
detail of the schemes. Application procedures for 
the initiatives will be announced at a later date. 

for further details. check: <wew. epsre.ac.uk>. 

Contact: DTL, Tel: 097793 444000. 


£10 Million For Business/ 
Science Partnerships 


Lor Sainsbury. the UK government minister for 
science, has announced £10 million of new 
funding available through the second round of 
Foresight LINK Awards, 
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The Faresiopht LENK Awards 


Welcome to the Foresight LINK Asrardi home page. 


ee skie page te find anc oore Dirct kee te apply for LIE Await wd shes the Faresifts Propremme 28 awhcle. | 
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The funding will so towards projects that 
explore new market and technology 
oppariunities in areas identified by Foresight 
as important to the Riture comperidveness 
and quality of life of the UR. 

The principal dhinust of applications for 
Awards must be innovative, high cualir: pre- 
conipetitive research in areas of commencial 
porenual, All such anplications which 
adkicess Foresivht priority areas not covercd 
hy curreniy open EINK programmes - 
which the Awards are intended to 
complement - will be welcomed and given 
full consideration. 

Small antl medium-sized businesses are 
pacticulerly encourswed to play an active 
part in applications, as are businesses in 
sectors that.do not have an established track 
record of working with the science base. 
Further information on the Awarts js available 
on the. Foresight LINK Awarnls Web site. 

For further details, check: 
<wietw. dti.gov.uk/ost/] ink/award. htm. 

Contact: DTI, Tel: (01793) 4449000. 
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Jobs to Kick Off Apple 
Developer Conference 


nieve Jobs, Anple’s interiny CEO, will deliver 
the kick off keynote on the first day of 
Apple's 1999 Wortdwide: Developer 
Conference (WWDC), to be held an May 10 
60 I4 at the Sin Jose Convention Centre in 
San Jose, California. US. 

Jobs will be joined by Avie Tevanian, 
Apple's Senior Vice President af Safrware 
Engineering. and together they will give 
developers‘an overview of Apple's software 
roddmap, including the first in-dept!: look at 
Mac OS X, Apple’s next seneration 
operating system, 

The WWDC will include technica! wacks 
ot Mac OS, Mac O5 X, Carbon, the internet, 
Juva, QuickTime, AppleScripi. Colordync; 
WebObjects, Universal Seria! Bus (5B). 
FireWire and Alrivec, 

For the first tire, che conference will 
feature special sessions for Adahe 
Photoshop and QuarkXPréss nlug-in 
developers, there will atso be business 
presentations outlining Apple's marketing 
progranimes and sales strategies:  -[IQESF] 
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An Riordable mobile office rok Phenom 


ow here is 2 palmiop computer that is of grear value, Right now for only £299 fram 
Maplin Flectronics, vou can get equipped with che 
devil will give yau all the normal Windows CE packages inchudine Word, Excel anc 
Powerpoint. When your work is done, the urgent letters ant! reports ein be E-maitéd via 4 
nearby phane linc-using the PCAICIA 33.6K modem that comes with ihe package. The 
alternative is to keep thé information.and when back at base you can ¢lownload all those 
valuable reports, letters and spreadsheets of to your desktop PC-via a cable docking station 
and fink software. The-inbuilt web browser alsv gives vou the potential to sud the Internet. 

Thesnono screen with optional backlight is wuch sensitive and aperates very easily 
‘using the provided! styius. This can speed up operauons.aiong with auto doctement recall 
when first opening up. 

It has evens gor the facility to present -vour Power Point slide preseniaiions via an external 
colour monitor: Estimated battery lifétime is 11 hours on? single charge. 


‘office an the roact’; This fitrle 











> Type 1'PCNCIA’ Slot 
. Rechar ‘Be eable-Lithidm 
OF AA batteries 


S 33. GK PGMCIA's Modém | 


au Winds 9508 compatible. 


> B0NttEe processor 
| PG 640 x 240 Display” 





May 1999 ELECTRONICS AND BEYOND @y 


‘Photo ‘1.‘The famous 
Hubble space telescope 
a . ‘photograph of:stars 
‘forming in the Eagte | 
Nebula, some 7000 fight : 
‘years away (Courtesy | 
INASA'STSCH. — | 





year 1999, ven’ much aware chat at the 
height of the Cold War, there wns reason 
io doubt ifwe would survive collectively at 
all. Indeed it is perhaps 2 worth while 
reflection that some aspecis of the 
Millennium Bug onginate from the element 
of doubt regarling the survival of civilisation 
10 the vear 2000 - as if the resolution of such 
problems should nor be saken too seriously: 
Scdence in the tventieth century, while 
creating weapons af mass destruction, has 
been highiy successful in roiling back the 
boundaries of knowledge to the ends of the 
known physical universe and aiso to the very 
fabric of matter itseli. it is 2 paradox indeed 
that both approaches are looking to provide 
a beer understanding of the way everthing 
fits together ist the physical wortcd. In terms 
of a theary of evervihing, systems at the 
extremes af scafe have to be reconciled. 
The process dynamics that wiggered che 
whole of the physical universe into existence 
and dietenmine its uitimiate frre is being 
Douglas Clarkson delves into the universe, particle — ‘SUs*e4 br the lrgest computers on the 
: i: planet, and the mast powerful particle 
phys iCS, nd t ife e!  acceleraioess working and soon to be working. 


| tis certainty very pleasant to write in the 
: 
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Corona Borealis : 
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Slope of straight line 

. gives an age for the 
universe of about 
20 billion years 
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Sharing the Mysteries 
of Science 


Questions of the-origin of the Universe have 
entered the mainstream of everyday 
thinking - as was made evident by the 
popularity of Srevea Hawkins's book ‘A Brief 
History of Time’ which berecen its first 
edition in 1988 and ny copy of 1992 has 
been reprinted no less than 27 times. 
Inclecdi the publication of this tide was to 
sce the emergence of 2 whole new sua of 
"Popular Science’ publishing which would 
deal with an expanding range af topics 
inching Cosmology, Genetics and Chaos 
Theon:..One of the successes of. Steven 
Hawkins books was the abiliry of the author 
10 formulate questions within the text which 
aroused the curiosity of the reader. New all 
of the questions, however, thus raised could 
be answered. This did oo: detract from the- 
success af the book. In fact this must be 
seen as ane of the essentials ior progressive 
science that it must canstandy be asking 
iseif questions. There is also something 
importa about scientists communicating 
their understanding to the public since it is 
the public, through the mechanism of 
axation which funds major programmes of 
particle physics research. 

One of the problems with modern society 
is that science is perceived as prindpally ane 
of providing answers - unswers Lo evervihing 
- piving the impression that eveniually chere 
will he no questions to answer. In so doing, 
the mystery of the unknown is conscquenily 
diminished. One of the perplexing 
developmen in society has been the loss of 
the sense af mystery of everrthing. Science 
may have given us lots of answers but it is 
not the role of science to give the 
impression that there reancin no mysteries. 


Some Big Questions 


The mind of the scientist.has, however, 
expanded in various ficids in rciation to 
Inokine at the bigger issues, rether than 
becaming complctely bogged down with 
everyday Isboratory physics - interesting us 
such stuciies may well bé. As increasing 


3x 10” 


Figure 1. Observed 

Doppler shift with 

. distance - Indicating a 
4x10 value of Hubble's 
constant of 15 km/sec 
per 1600 light years. 





confidence is places! in the Big Bang theory 
which considers that the Universe expanded 
from an incredibly hat nucleus, so there is 
now speculation about when the clock 
struck zero’ or even ‘before the clock struck 


zero’. Also, since everything thar happens to 


us in our daily life hopefully can be assigned 
a reason, scicntists are bepinning also io ask 
- Why did the Big Bang take place? A more 
correct description, however, of the thearv 
of the arivin of Creation is the ‘Stanilarcl 
Mexife!’, This is perhaps not a very exciting 
expression Even when we go shopping. we 
into avoid having io buy a standard mode! 
of anything. 

Also, as scientists discover the basic laws 
of matter, the basic building blocks of 
particles and ways of association are. 
dciermined, questions are also being asked 


Photo 2 ‘Hubble image ‘of the outerireaches’of the: visible es 
bewildering Variety of ‘shapes,:sizes ‘and: ‘colours’ oF: galanifs 


abour the precise set of rules chat ensure. 
the stability of che physical universe. Is there 
some basic process of selection at piay in 
the way, for example, that atoms when 
created allow organic molecules to exist? 
What are che cules that cause protons, 
neutrons and electrons to exist 25 chev do? 
So we see that science is making cliscoveries 
and also asking Why is it like this’s 

This aspect of the rules of the.vame is 
described in terms of either the weak 
anthropic’ principle or the ‘surong anihropic 
principle. A more fundamental aspéct of 
such analysis relates to ihe very process of 
expansion of the Universe which has been 
determined to be very sensitive to minute 
<ariations of interactions of energy and 
matter and which with the ‘wrang' values 
could have resulted in a ‘damp squib rather 
than: the prand rolier coaster of an event 
that we.are led to believe took place ‘when 
the clocicstruck zero’. Recent photographs 
of the Hubble Space telescope reveal the 
shear magnitude of the process of creation 
of stars anci assnciated planeiary systems. 
Photo 1 shows the famous photograph of 
stars forming in che Eagle Nebula, some 
7000 light years. away. 

So science has therefore progressed from 
mercy derennining the laws of physics 10 
assessing them in the light of possible 
pemmutations of all the laws that could 
possibly have come into existence. This is 
like some cotiehreaker irving to assess the 
psychology of the person setung the cocles. 
Some theorists can even concere of paralle! 
physical universes that relate to different 
solutions of che basic cosmic equations. 
While ac the beginning of the centun; 
physical science was diminishing the 
patential for the existence at God in the 
Universe, by explaining in an apparently 
increasingly mechanistic world, there is also 
Amore creative, inquisitive screntilic 


hiverse: showing ©. : 
nlCourtesy: ‘NASA’ STSCI. | 
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Photo’ |Hubble imageg of distant ‘galaxies havd reveated that the Universe is * 
renarka uniform in all directions, Courtesy NASA'STSCI), 


_ 


mainstream active presently which is trying 
iO come to grips with the many chailenges 
of thought tiegered by the discoveries af 
science. These are interesting times in che 
mind of the Gosmotopis:. 


| Consciousness Revisted 
in the books on popular science, we still see 

| many which reflec to the mysteries of human 
consciousness as a topic linked to ‘expiainine 
the universe’. Almost as if someone is 
lapping chalk ona blackboard, the reminder 
comes throuch many of them - Gur 


Intensily of signal 
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understanding of human consciousness has 
nocadvanced to any great significance in the 
last 100 years despite the best efforts of 
science. As scientists contemplate a uniform 
theory of everything, the aspect of human 
consciousness cleftiy defies a physical 
explaination, As various authors, however, 
puta Ume limit on unrivelliog the number 
of years required to fully ‘understand’ 
consciousness mm terms of neural networks 
ancl Ohm's law, there reniain a solid core of 
others who are skeptical of the ability or 
even the mle of science to find a satisfactory 
purely physical solution. 


The Esoteric Response 
Science loday thus asks the question - Why 
was the Universe created? Various 
mainsicam religions and philosophies 
would for their par indicate that the 
creation of the universe provided an 
oppartunity for consciousness to develop 
and in so doiny for consciousness, by free 
will, to discover the mind-oaf the Crearcor. 
Moreover, SOME More EsSNLe4ric sQurces 
would indicate chat the physical Big Bang 
was the result of erystallisadion of thoughr, 
that thought energy wus che ultimate source 
of enervy for the Big: Bang - a cosmic 
thought of the Creator. So in looking for the 
First Cause, as it- were, chis was initially 
separate from mater but manifested 
subsequently 35 matter. 


Cosmic Milestones 
‘The fitting together of some of the many 
pieces of the jigsaw of creation has taken 
some time to progress chus far. Most of the 
significant devclopments have taken place in 
the 20th centun, dirough Newton's 
‘discovery’ of gravity has until very recently 
been thought to be the most critical factor in 
the [ong term survival of the physica! 
universe and also the most difficui: to explain 
as part of a unified theory of eversthing. 
While there had been speculation of the 
nature of the Milky Way as being a vast loca! 
collection of stars, it was the completion of 
the 100 inch telescope at Mount Wilson 
near Los Angeles thac gave Edwin Hubble in 
the 1920's the opportunity to reselve 
individual stars within so called Messicr 
Objects such as M31 andl M33. It hac been 
known for same time that cycles of stellar 
evolution gave rise 10 so called’ Cepheict 
variabie stars whose variaiion in brigshtmess 
with time could be related to their absolute 
luminosic: This proviced:a means of 
determining the relative distance of such 
stars at thé very eice af the then visible 
universe. By observing the characreristic 


Measurements of the remnants of the 





heat of the Big Bang, recorded by the 


cosmic Background Exclorer satellite In 


1989, fit perfecity with theory 
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Curve is theoretical 
prediction based on 








___: Big Bang model of the 
universe 





Figure 2. Data obtained by 
the Cosmic Background 
Exolorer Satellite in 1989. 
The data polnts shown as 
Squares provides a perfect 
fit to the 2.76 K black 
body radiation. 
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Black squares are satellite data 
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Frequency of radiation 





TEMPERATURE 
(degrees Kelvin} 


wuvelengrhs (red shift) of lines emited by 
such stars it was determined trom the 
Doppler principle thar the more remote 
galaxies were in relative terms moving faster 
away from us. In fact, the verv early data 
that Hubble collectect would appear 
unconvincing todky, though subscquent 
observutians would more than confinn his 
theory as indicated in Figure 1 which shaws 
levels of red shift asa function of distance to 
object observed. One of the problems, 
however, of this approach is the sheer 
problem of extending use ohsernwion 
distance to more anc more ciistant galaxies 
and hoping to observe specilic Cepheic 
variable stars. The universe is stili expanding 
with the best curren: estimate of expansion 
af the order of 15km per second per million 
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supernova on the edge of ihe visible 
universe - suggesting that the expansion of 
the Universe is accelerating - has thrown 
Cosmology in st spin, 

There is also the suspicion ihat since the 
interaction berveen neurinos and 
niittersantimaiter is so small, here could 
sill be significanc levels of antimatter in the 
universe in the form of anti-neutinos. As 
time goes on, docs this imply that even this 
mass companent of the universe is not in 2 
steady state but is slowly declining with 
time? Future work in particle physics will in 
actdition be seeking particles af so called 
Dark Matter in order to accoun: for the 
large component of apparent missing mass 
in the universe. To date only around 10% of 
matter can be accounted for by direct 
astronomical abservation. 
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Figure 3. Process of 
cooling of universe. 
Each cooling by a 
factor of 10 Is 
associated with a 
yolume expansion of 
@ factor of 10. 
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> correspondinely diminished as their energy’ 


becume spread over a much larger volume. 
The remnanis of this original ‘hig flash’ 
ridiation is beén as a characteristic Blick 
Body ratiation at an equivalent temperature 
af around 3°. Figure 2 shows the dats 
ohtained br the Cosmic Backpround 
Explorer Satellite in £989. The data points 
shown as squares provides a perfect fir to 
the 2.76 K black body ractiation. 

This backeround radiation was first 
discovered in 1964 by no radio astronamers, 
A. Penzias and Robere W Wilson. This analysis 
aiso provides information an the energy 
density af such photons - providing in the 
process an indication that most of the energy 
of the universe now is in the form of matter, 
while during the initial phase of the Universe, 


most of the energy wis in the form of high 
eberyy phorons. — 
In fact, the remnants of this early 


light years - the Hfubbie consiant. The age of 
the Universe, however, has not heen 
absolutely derermined but is probably in che 


elebbaetabee 


Seder areiepene 


reson of between 16 and 29 billion veass. 
This is the level of expansion whichis. - 
assumed the universe is currently 
undergoing throughout its entirety. To 
provide some perspective In the rate of 
expansion of the universe, if a sphere of: 
radius 1060 million eht years is considered, 
in one year it will expand by a factor of 
0.000000005 % or equivatentiy it would take 
@ billion vears to expand by a factor of 5%. 
The rte of expansion must be slowing 
down, however, as ue relative gravitational 
enerey of gafaxies hecomes a less negative 
term - Le. as chey try to free themselves 
from mutual gravitational areractian. The 
question as 1o whether the Liniverse’s 
expansion will keep on going as an ‘open’ 
expansion or attract back on itself under 
gravity as a ‘closed’ expansion jas nai yet 
heen completely devermiried. Unuil verv 
recently the key factor was considered to 
relate to the average density with which 
mass is distributed in the Universe. Current 
esiimarions of mass rance from benveen 6 
10 0.03 nuclear particles (neutrons,protons) 
per thousand litres. Recent work reisting to 
determine any residual mass value of the 
ncucino is seen as a crucial factor in such 
determinations. Investigative science has 
therefore a fot of fundamental discoveries to 
nitke beiore this issue is settled. Also, the 
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An Eagle Eye 


The Hubble Space telescope has enabled 
resalution of the most distant optical images 
so far capturect. fn setting the telescope to 
look to the very furthest limits of resolution, 
photo 2 shows imazes of deep field galaxies 


at the very edge of the present detectable 


universe. Some of rhe galaxies are 30ch 
magnitude in brightmess. Whitt is revealed! is 
# bewildering. array of types of shapes and 
colours of galaxies in 2 tiny spec of the sky. 
Analysis of many images of distant galactic 
fields indicates that the Universe is statistically 
the same in all directions - providing some’ 
clues about the-uniformity of the process of 
expansion of the carly Universe, Phata 3 
indicates a typical field of galaxies indicating 


> at range-of types and sizes of galaxies present. 


‘The Cosmic Microwave 


Background 

The physical universe that we know today is 
regarded as one which evolved from earlier 
beginnings, It is estimared thar at one phase 
during the initial expansion when protons, 


> neutrons and electrons had become stable, 


there was intense characteristic radiation in 
the form of photons at a characteristic Black 
baxly racliation of around 3000 K. The 
Universe then was a very ‘bright’ place. As 
the space of the Universe expanded. the 
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: radiation field indicate that in winding back 


the clock of time as the universe became 
smaller, it becamé consequeniy hover as 
characterised by the energy of photons 
present. In respect of this, phoinns af pure 
energy could begin to produce particles of 
physical matter. Electrons and positrons can 
be considered to form from photons of 
energy of characteristic temperature 5.9 x 
IG. K and protons and neutrons ar 


- significantly higher energies of 10% K. 


Figure 3 indicates the principle of caaling of 
the Universe which has been considered to’ 
have undergone since the start af time. 
Thus for a reduction of temperature by 2 
factor of 10, is associated a time faccor of 10. 
As physical particles were formed, they were 
formed as matter and antimatter types, with 
an imbalance of the order of one part in. 
1000 million in favour of matter particles. 
The remaining particles of matter rernain as 
evidence of the much greater numbers of 
mairticies of both types that would have been 
formed but which annihilateci themselves. 
Thus the sheer existence of the physical 
universe is as a result of the infinitesimal 
lack af symmetry berween matter and 
antimatter, AS might be expected, scientists 
are vers keen to determine exactiy wity this 
is SO. IF the symmetry was exacty zero, then 
no physical universe would exist at all. 

Nest moocrh we look ar how technology 
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recent work in observation of distant 


individual energy af these photons was yeilds some answers. | 
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: feedback signal V2, which is fed 

: into the error amplifier U2. 

> The fite of UL is véry tiresome: 

> it Spends all of its time trying to 
keep V2 equal to V1 by varying 
the drive to the base of pass 
transistor 01. the thermal 
shutdown module constantly 
monitors the temperature of the 
silicon and fic gets coo hot it 
shuts down the device, at least 

> until the temperature draps. 

= We all know ther work. We 

> have all used them as litle black 
boxes fora quick and easy wary 
ie get a-clean, stable, regulated 

: supply for a project (wpicallv 

: 12V for analogue arcuits and 5V 

: for digital circuits). But what is 
wrony with this rosy pierre? 

> Why do some designs need a 

: sWitching reguiaior. while 
others are atiite happy with 2 

: linear one? Well, there is no one 

: Single answer Instead, there are 
2 number of parameters thar 
combine to make the choice 
berween switching and linear. 
Here we will Jook at some of 
the more imporant ones. 


: The Efficiency Drive 
: Switching reeulatacs are 

> generally more power efficient 
than finear regul:tars. In the 
linear regulaior the pass 
transistor is always passing 

? current, being neither fully 
satunsted nor tuted off in the 
Steaciy state, the pass transistor 
2Cts us a resisdive element, 
carming the load current and 
the difference besveen the 


*eeeeseeeeeseeoeaeeaeceesespeeseeoeeaeeceeee nee eee suppty volrage and the ourput 
valtage. The power dissipated 


design of a comrce 12V fo 6V switching regulator. > product of ihese two quantitics: 


ower supplies based on ou near Regulato rs 
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simple linear regulators 7 

are fine for simple a Not! 

2pplications, where the : Before even considering the : 

demands for efficiency, space =— ss =-—s design of a switching power - 

ant! thermal desien are light. i stuppir let us look at why we ; 

However, as these requirements : cannot get away with using a . 
became more iayportams, the simpler linear regulator. Most : 
switching regulator offers a : linear regulators, yypified by the : 
more viable solution, : familiar 78xx series three- : 
For many designers, these : tenminal regulators, are very : 
inherentdy simple devices are ? nifty devices. They are based : 
Shrouded in mystery. deep in > around a pass teansisior, enor 
the realm of electromagnetic = amptificr and voltage reference, = 


(lesign.: This article intends to 
shjne some light on this topic. 
Td help us all understand the : simplicity of these regulazars 
theary behind switching there is a lor going on inside, Th 
regulators we will also look.at undersiind how it works, we 


as shown itt Figure 1. z i , , 
iderine ti . 4) : igure 1. Three terminal regulator: 
Consi pe See 3 unsung hero of the electronics age. 
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the design of an in-car power : Will start at the output and work 

adaptor fora Psion 5 personal = sour way back to the input. 

organiser, but can be used for =: = The output voltage provides 

any suitable device requiring 64: current for resisior R1 to bits : 

Ail stages of ihe design willbe =: diode DI. This eenemres a = 

fully illustrated throughout,so  : témperature-stable reference : 

you should be able to apply the =: voltage, V1. Divider network R2- 

same techniques when designing : and R3tapoffs portion ofihe — : Figure 2. The four basic components of a buck converter. 
[_ yOur own switching regukvor. * Oulpul voltage, providing the . 
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Pu = 1x Vio (Waits) 
Where Pp = power dissipated 

by the petss transistor 

f = foad current 

Ve = difference benwen 

fripnt aud output volteges 


For example, suppose the input 
voltage is 15V the outpur 
vohiage is SV and the current. 
drawn by the Joac is LA. Then 
the pass transistor nuist 
dissipare LOW of power. This 
power manifests itself as hear —. 
the whole regulator will get hor: 
‘To maintain the resufator at a 
safe operating remperature 
(else the thermal cutout will 
tum off the regulator) a farce 
hearsink will be needed. 

The elficiency of this regulator 
is the ratin of ihe Quiput power 
to the input power 


2 = Pos f Por { ") 


Assuming the input current is 
equal to the output Current, 
this can be rewritten as 


a2 = Vous f Vix ( 


Fer our sample above, the 
reguistor is operating at about 33% 
efficiency: To put it another way, 
over 66% of the power provided 
by the source is being wasted. 

Naw, what does this 
seemingly inexcusable lack of 
efficiency really tiean? We need 
a big wansfornmer to provide 
more power than fs actually 
needed. We also need a large 
hearsink 10 heip the reculator 
clissipate all chat waste enerpy. 
We have to consider carefully 
where.io mount the regulator — 
alt that waste heat has co go 
somewhere. The heat radiated 
by the regulator andl its heatsink 
will hea: un surrounding 
components, slowly cookiny 
them 10 a premature cleath. 

However, it is not all cloom- 
and-gloom for the humble 
linear regulator. it is very cheap, 
costing a few pence for the 
sinaller devices. The surroundings 
circuit is about as'simple as 
possible — nwo capacitors.-Anc, 
of panicular importance to 


analogue signal processing 


systems, there is litde noise 
present in the repulaied output. 


. 
Enter The Switcher 
Tor most purposes the aclvantages 
of jinéar regulators outweigh 
their clisadvantages, which is 
why rhey are so prevalent, 
universal and cheap. But most 
does not equal ai). There are 
situations where lack of efficiency 
acl’or excess heat is a very real 
problem, and these are the 
situations where switching 


eeebediaadians 


arhddisen 


e4etene 


PECSOPPE RAL TEE Ad beceee eteeeeeeee 


STPPeea pes 


SECC S PEGs pees 


gape 





O 
Switch State 


Source Current 


' inductor Current 


Load Voltage 


Diode Current 


regulators have taken over. 

The emergence of the 
deskrop computer has heén a 
miajor force in pushing power 
suppiy technology to pracdiuce 
ever cheaper and more eilicent 
power supplics. The higher 
efaciency means smaller heatsinks 
and more compact designs. And 
removing the need for large bulky 
transonners drastically reduces 
the overall cast of the unit.. 

The power supply design 
described here provides a 
regulated 6V output. and able 
to deliver up to 1A, from 2 12V 
source. Ha linear regulator 
were used we would need 2 
heatsink to dissipate up to GW’ 
of waste power. Using a 
switching revulator, whose 
eificiency is about.86%, we only 
waste about 1W of power, and 
we do not need a heatsink. 


Super Features 
So far we have only compared 
like with like features of the 
linear and switching regulators. 
Bur this is only haif of the 
picture. Switching regulators 
can co things that linear 
regulators cannot — output 
voltages greater than the input, 
and output voltages of opposite 
polarity to the input. Both these 
features put switching regulators 
way ahead of linear regulators. 
There are many basic switching 
regulator designs, ar tupulugies, 
but the vo most Common are 
the buck and the boost. There 
are many others, for eximpte 
the fiyback regulator, and also 
hybrid combinations of different 
topologies, for cxampte che 
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birck-boost 

The buck converter 
produces an output vole 
that is less than the input 
voluige, Ar a ‘black box’ level it 
behaves exactly the same :s a 
linear regulator. However, it 
can apentite ai 2 much higher 
efficiency, typicaily 80-90%. 
The basic lavout of a buck 
convericr is shown in Figure 2. 

The operation of this 
regularor has ovo distinct 
phases. The first one occurs 


when the series switch, S, is ‘on 


and the input volrage is 
connected to the input of the 
inductor. The output of the 
inductor is the qutput vojtige, 
and the catch clade, D, is 
reverse biased. During this 
period, since there is 2 constani 
voliaee source cannected across 


: the inductor, the inductor 


current begins to lincarty ramp 
upwards as describect by the 


> following equation: 


ln = (Vn = exe) Fev: ga 
Where foe is the inductor current 

diring the on pbease 

Vin is the hupiet voltaze 

Veer Es the output voltage 

Tee is the ont time 

L is the value of inductance 


During this *on* period, enerzy 
is stored within che core material 
in the form of magnetic flux, IF 
the inductor is properly designed, 
there is sufficient energy stored 
tO carry the requirements of the 
load during ihe ‘off’ period. 
The next period is the ‘off 
peniod. When S$ tums aff, the 
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voliige across the inductor 
reverses its polarity and is 
clamped at one diode voltage 
drop below ground by catch 
diode D. Current now flows 
through D thus mainraining the 
load current loop. This removes 
the stored energy from the 
inductor. The inductor current 
during phés time is: 


fag = (Wess - Va). Tox fb 
Where loff is the inductor arrrent 

during the off phyise 

Va is the voltage across 

ibe caich diode D 

Tug is the off time 


This period ends when 5 is 
once again turned on. Regulation 
of the. converter is accomplished 
by varying the duty ovde of che 
power switch. The dury cyele is 
determined by the ratio af Tea 
io the overall switching cycle T: 


B= Ton fT 

Where Tis the period of seitching 
Ton is the duration of 
the ‘ai period 


For the buck converter with 
thea) componeéats, the duty 
cycle is defined by the ratio of 
the input and ourput voltages: 


D = Vow f Vin 


The complete ovcle is illustrarecd 
in che waveforms of Figure 3. 
With ideal components there 
would be no rippie on the ourput. 
Howcrver, the nonideal resistance 
in the inductor gives risc to some 
ripple in the cutput (Vadpple). 
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Figure 4. Block diagram of the Psion § In-Car Power Adapter. 


Putting Theory 
Into Practice 

We have now seen the 
arguments for using switching 
regulators, ancl covered the 
basic theory of operation for the 
buck converter. The remainder 
of this anicle will look at ihe 
design of a power supply io 
provide 6V at up to LA from an 
unreculated supply in the range 
41 te 15V The PSU is intended! 
To power 2 Psion 5 personal 
organiser computer from a car 
cigarene lighter socker. It could 
be usect for any number of 
other applications by changing 
some of rhe component. 

The toptere! block diagram 
of the power adapter is shown in 
Figure 4. The priman: purpose 
of the input filter is to block any 
switching noise fram ihe 
regulator from finding its way 
out into the car’s power lines. If 
left unatrenuated this noise could 
he picked up hy the car's radio, 
causing unwunied interference. 

The regulator converts the 
input power to a regulated 64 
which is then filkered by the 
output Eilter, this time to 
provide a clean Gutpur signal, 
Hut also to, again, limit che 
spread of switching noise. 

The overvojiage crowbar and 
associated fuse is provided as 
an emergency protection for 
the load. Onc failure mole of 
any switching device is to short 
the input to the output, which 
could be disastrous for the load. 
The crowbar circuit senses the 
output voltage and, if it exceeds 
aset threshoid, will autamatically 
puta shor across the supnily, 
blowing the fuse and protecting 
the load. 

Finally, some indication of the 
supply Status is provicled, 
primanily for the user's benefit 


Square One 


Turning the block diagram of 
Figure 4 into a circuit is the 

next stage in this design study 
During the design process there 
are Many onpwions available for 
cystomising the circuit. They 
will be highlighted at the 
relevant points. 


1 - The Regulator 


The first block to consider is 
the heart of the adapter — the 
regulator: The device chosen 
for this project is the LM2585T- 
ADI, available from a number of 
maniulacturers (National 
Semiconductor and Morarola to 
name but two). The ADT 
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signifies this is the adjustable 
output version of the LA2575 
family. The other members of 
the family provide fixed outputs 


of 3.5V 5M 12V and 15V. The ‘T 


: means the device is in-a Stegeed 


: TO-220-package. 


#iey* « 


Tie LM2575 regulator p; 
lot of functionality inte a very 


small package. It can supply up 


to LA, has an intemal oscillator 
running at 32H, ixas 32 shuwown 
mode for low power opemian, 
is very efficient (typically 80%), 
has 2 built-in 1.23¥V reference, 
and has thermal shutdown and 


: current limit prorécion. 


The ceguiator necds 2 few 


additional components to build 


a switching regulator systems, 


> We saw earlier that as well asa 


swilch, we need a diode, an 


: inductor and a eapacitar. 


Since the circuit will be 
running at 52kHzwe need a 
diode with a Fast recovery time. 
Ordinary silicon rectifier dicdes. 
like the IN4001 family, are 


Frat. ; 
lyony 


and 


We can denve 


eidlelvwndd penne 


Power 
Indicator 





much oo stow for chis purpose. 
instead, a fast switching 
Schottky diode is needed. For 
this project a 1N3$19 is suirabic. 

The choice of inductor is 
crucial (6 the success of this 
design. It must be large enough 
to be able to store enough 


ihe ‘off’ phase. ft must have a 
low Ioss to ensure ahiph efficiency. 
And it:musi pave 2 low DC 
resistance to keep the output 
ripptic as low as possible anc to 
reduce the toss of energy due 
to current heating in the wire 
(so-called ‘T-squared-®' losses). 
The matheniatics tnvolvec! in 
deciding on a value for the 
induccor is shown In Figure 5. 
The vahie calculated from 
Figure 3 is 330z11. Looking 
through the latest Maplin 
calaioeue (vou did not chink | 
was going 10 look anywhere 
else, dick you?) there is a 
suirabie inductor, code BUS7M, 
with the added advantage of it 


_(V¥in - Vourtan 
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hoa Vig 
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ASSUME Ips, = Itgony and rearrange to solve for L: 
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Now puting in design values for Vis, Vou, Ineeg and fier 


c 


—15.0-6.0 15.0 1 
10 6.0 Sakti 


Hi 


L= 69.2 pH 


The value calculated! from the above equations assumes ideal 
components. To allow for the inadequacies af real components 
a factor of 5 should be applied to the above value. The nearest 
preferred value would then be 33024. 


The value of output capacitor must satisf¥ the following condition: 


Cou:® 7,783 


¥V. 


Nau F 


Vour. 





Pucting in component values, we get: 


15.0 


Con 7789 60 x 3302 


Cour S9uF 


However, for acceptable output ripple voltage use a much 


higher value, for example 47027. 


Figure 5. The values of the maln inductor and capacitor can be 
calculated with the aid of some basic algebra and rujes of thumb. 
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being wound an a targidal core, 
‘Toroidal cores are-very good at 
keeping the magnetic fus 
within ihe carfines of the core, 
for low loss, which has che 
added benefit of reducing suriv 
magnetic fields inducing noise 


= in other, nearby, circuits, 
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The output capacitor must he 
chosen to sausfy owo conflicting 
requirements — cipacitance and 
elfective series resistance (ESR). 
In general, as capacitance 


: increases, so does ESR, mainh 


; : due to the physical construction 
energy to power the load during” = 


of the capacitor. Neeclless to say, 


: what is required is a big 


ere heh idtiere+e 


capacitor with a low ESR. 

For this. application a 
capacitor with an ESR of 0.142, 
or fess, and a minimum 
capacitance valuc of 330pF is 
required. The nearest availabe 


coniponens from the Maplin 
: catalogue is a 4704F 35V low 


ESR radial electrolytic. And it 


: comes in a bright pink can. 


So far, che components 


> chosen for the regulator will be 
: suitable for most applications of 


addehEthiver 
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the [M2575 series. For some 
applications, where the average 
cuvent drawn By the load is 
close ro LA the diode should be 
uprited to one capable of hanciling 


* Fi 4 R2 
From ¥ put =Vief (1 +] 


where Vpef=1.23V 
By seuting R1 to 1.0k, 1% 
Your to 6.08 and rearranging: 


The nearest preferred value 
for R2 is 3k9, which should 
he a. 19% rolergnce component. 


Figure 6. With the value of 
Ri fixed at ik, the valua 
of R2 is set the by the 
desired autput vottage. 
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An LC lowpuss fitter fas a cut 
off rate of &EB. Fora reasonable 
degree of anenuwatian of the 


switching fequencesiy 2-416, 
we need a au-oll freqenca, ic 
of 3250Hz Insening the valucs 
of Cand f the value of 
caleuistedd fine 2buve 24H. 
The nese prefere) value Ss 22H 


Figure 7. The filter 
inductor, together with 
the capactkor, forms an 
efficient lowpass filter. 





Figure &. A 


simple and 
effactive 
crowbar, 


niore:-than 1.5A (for exarnple a 
1N3522, order code ALDS]). 

The last part of the regulator 
tO considers the feedback 
network. The network is actually 
a potential divider, setting the. 
feedback pin to some fraction of 
the desired output voltage. The 
worked example in Figure 6 
shows how the values of the 
Iwo resistors coe calcuhired. 
With a bottom resistor of 1k0, 
the top resistor value must be 
3k9. Both resistors should be 
1% tolerance or better. 

Using the equations of Figure 
6 it is possible to calculate values 
of resistance: for any desires! 
Outpul voltage, if one of the 
fixed output regulators is used, 
the battom resistor should be. 
omitted, anc the toy resistar 
replaced with 2 wire fink. 


2 —- The Filters 
The next nwo bkcks are the 
input and ourpat filters. Since 
they must filter out noise of the 
same frequency they can be 
made irom the same valued 
components. Because the load 
curreni passes through the 
filters they should be as energy 
efficient.as possible, This 
precludes the use of any 
resistive clements, so we have 
iO usc-an enirely reactive filer 
oxide from inductors and 
capacitors. For this application 2 
single LC fitter will be sufficient. 
The data shee: for the 
regulator recommends a low 
ESX capacitor of 100nF be 
placed close to the input pin. 
This neatly answers the question 
of what value eapacitar to use, 
The value of the induciar is 
calculated from some maths and 
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some roie of thunib, shown in 
Figure 7. For an-atzenuation of. 
approximately 3008 of the 
switching noise, and given that: 
an LC filter has 2 cut-off rate of 
20dB per decade, the filter 
needs to have its—3dB poi at 
about 4kHz. 

A diode should be connected 
in series with the input filter to 
protect the filter and regulator 
from accidental reverse 
connection. The cost of ihe 
regulator —sevén pounds — 
niore than justifies the additional 
cost Of a five pencé diode. 


3 — Load Protection: 
Fuse and Overvoltage 
Crowbar 


The next major circuit block to 
consider is the overvoliage 
crowbar circuir- The purpose 
of this section is quite. simple: 
manitorc the cutput voltage 
and throw a short across the 
output if che voltage exceeds 
4 pre-sei threshold. 

The crowhar itself is a thyristor 


: connected directly-across the 
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Output. When the sensing 
arcuit tums on the thyristor, it 


shorts the power supply by 


placing a IV dummy load across 
the rails. it passes al! the 
current the supply can provide 
before the fuse blows, cutting 
off any further current. During 
this brief on state the output 
voltage is reduced to about 1V 
Scanning chrough the Maptin 
catalogue a likely candidate is 
the CP1O6D, It comes in a small 
TO-92 package, has a continuous 
current handling capacity oF 2A, 
and can handle peak currents of 
15A. This gives plenty of headroom 
to 2flow the fuse to blow before 
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the thytistor itself dies. 

The sensing part of the 
crowhar uses a zener diode and 
load resistor, The zener diate 
monitors the output voltage. 
When it exceeds the zener 
voltage (plos:a diode drop for 
the thyristor) the dinde will 
conduct curreat into the loud 
resistor and into the tivtistoc’s 
Rate, turning tt on. 

~The Greuit for the crowbar is 
shown in Figure & The thyristor 
is shown labelled 25 an SCR 
(Silicon Controlled Recifier), 
which is just another name for a 
thyristor. The name ‘thyristar’ is 
itself. contraction of *THYRatron 
transISTOR’, 2 thyratron heing a 
pastilled thermionic valve chat 
exhihits a similar switching 
characteristic. 

The value of R sets the zener 
On current. This should be 


© about Tom, which gives a 


value of R of about 68R. The 


> capacitor C is there to absarb 
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any harmiess spikes on che 
voltage rail that might 
accidentaily iiguer the crowbar, 
The knee voltage of the zener 
dipde should be about one 
diode drap tess then the 
desired threshold voliage. For 
this circuit a 6.2V zener diode 
would be sufficient. 


4 - Power indication 


The final part of the circuit to 
design is the power indicator. 
No prizes for guessing that an 
LED and current timiting resistar 
are going to be used. Assuming 
an LED voliave of 1.7V and a 
current of 10mA, we need a 
current limiting resistor of 430R. 


Putting It 
Ail Together 


Now that all the various parts af 
the system have been designed 
Wwe can connect them all ~ 


: together, resulting in the circuit 


of Figure 9. By now you should 
recognise most, if not all, of the 
components in the circuit. 

The input power enters the 


> circult through protection 


Figure 9. Putting it all together. Note the critical paths marked with axtra thick fines. 


diode DT anc input filter Lt, C1. 
This feeds directly: into the 


feguiator, 1C1. ‘Whe switching 


oucput feeds the other buck 


converter coniponents D2, 1? 









2 3 
Fi2 349 ==" 
P — 
FS} 
~ | clas fe a | al al 
DF IN Uz57a7-AD de 
1t-35¥ < 
1N4295 + = sah + ie 
GNO O 


spenqqiie 


*TESttdderaae 


S4SP PEELE REP PCE CORE ed ches et ae 


and C2. RY and R? fed a 
fraction of the output voltace 
back to the converter. Pin 5 of 
the regulator is the shutdown 
pin, and is pulled Jaw to select 
CONLMNUOGUS OPeracon, 

The output filter, £3 anc! C3, 
passes the output to the 
protection fuse FS), before 
passing over the ever-vigilant 
crowbar, consisting of D4, R4, 
C4 and D5. Finally, R3 and 1D3 
provide power indication. 

Because switching regulators 
suffer from high switching 
cuUTTENt circulating araund the 
circuit some care must be taken 
when laying out the: printed 
circuit board (PCB). The tracks 
that need extra thickness anc 
short leagths are bighlightect in 
Figure 9 by the thicker lines. 

The PCB foil pattern for this 
project is shown in Figure 10, 
Referring back to Figure 9 you 
can see that the critica! circuits 
are laid our with thicker tacks. 
Radiused.camers have been 
used where necessary, generally 
ining to keep ail eracks.as 
direct and as short as possible. 


Construction 


The component overlay for the 
PCB is shown in Figure 11. All 
components mount direcuy on 
ihe single-sided board, anc there 
are no wire links, so building the 


> power supply should be quite 
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straightforward, 

Sian with the smailer 
components — the diodes, 
resistors, PCB pins (if used), 
fuse Clips, LED and capacitor 
Ci. Then work your way up 
through the larger components 
— Ll, 13 and the remaining 
capacitors — before fitting the 
main inductor, L2. Remember 
io take. particular care with the 
polarised components, especialhy 
the elecwolytic capacitors. 

The final camponent to fit is 
the regulator itself, IC1. This is 
mounied directly on the PCB, 
and cines mot need a heatsink, 
Make extra sure the device is 
properly oriented, with the 
metal back of the device Eicing 


“away from E2. 


Give the board a thorough 
clean with a stiff brush and 
same iso-proprl alcohol (IPA) or 
other Mox-removing agents. Once 
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all of the Aus residue has heen 
cleaned off give the board a 
close inspection with 2 
magriffing ciass 10 check for 
solder splashes and to check the 
quality of all the joincs. Clean up 
of repair any Suspicious joints. 


Testing 

Before using the power suppiy 
in its intended application it 
should be tested to make sure 
that 2) it actually works, and b) 
will no. damage whatever it is 
connected to. This second point 
is especially relevant given the 
potentially high voltages that 
could be:presented to the load. 

Testing this project will require 
sonie key itenis of equipment. 
Firsdy, a decent multimeter, 
preferably with a DC current 
range of LA or-greater. This will 
be used t measure the ourniat 
voltage and the current drawn 
from the supply: 

Secondh, some sort of 
chum loact is recquired to test 
ihe regulator ata number of 
load currents. Three spot values 
of Ioad current should be 
suliicient. For example, EOOme\, 
5060mA ancl 1A, requiring load 
resistors of 6OR at O.6W 12R ar 
SW and OR at 6W respectiveh: 

Thirdly, 2 bench power supply 
capable of delivering 15V at up 
10 1A. The unit. should also have 
some sort of adjustable current 
limizine device, just in case 
something goes terribly wrong. 

Finally, for che mare curious, 
ai oscilloscope for observing 
and measuring the various 


waveforms present within che 
switching regulator. 

Begin by connecting die PCB 
ro the bench power supph, 
puting an ammieier in the 
posiiive supply rail. Set the 
current limit to about 500m, 
the ammeter range to JA, and ° 
1Uurn. Of, 

The needle of the ammeter 
should flick over to the right 
hand sicie of the scale Ihefore 


: senting back tawartls zero. This 
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is the turn-on surge that most 
simple switch-node power 
supplies exhibit, and is primarily 
due fo the main capacitor 
charging up. 

Afier a couple.of seconds the 
current should have setded 
down ip a steaciy vafue of 2 few 
milliamps. The only load of the 
regulator at the moment is the 
10n14 or so drawn by the LED. 
The current drawn irom the 
supply shoutd be a little over a 
third of this, allowing for the 
elficiency of the regulator. 

Using a volumeter check the 
output of the regulator is very 
close to 6.0V Also carefully check 
all of the components on the 
hoard Lo see if any are getting 
hot, At this staee of operation 


peatad 
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eventhing should be coal to the. : 


ouch. not, switch off immeciirci: 
and investigare ihe cause. 

The next three Siages in 
testing invoke aur dununy 
loads. Disconnect the regulator 


from the supphy and connect the. 


608 dummy lozd. Reconnect the 
repularor ia the supply and 
check the input current is about 
50mA4. and the output voltage is 


T 


PsionS Car 
Adapter 6 


Figure 10. Foil pattern for the PCB. 
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6¥ give or take a smali margin 
of error of O.5V. 

Repeat the same test for the 
other ovo dummy loads, fora 
load current of 500m the 
supply current should be ahout 
260mA. For the 1A dummy load 
the current limit on the supply 
should be raised to LA. ln the 
steady state, the current cirawn 
fom the suppiy should Ge 
about 50Gn14. 

Testing the over-volrage 
crowbar is a bit trickier. Remove 
the protectinn fuse FSi and 
connect a lead from-the positive 
output of the supply to the 
output side of the fuse holcter 
(the clip furthest from L?). Set 
ihe current limit of she supply 
10 abour 50m. Slowty increase 
the supply voltage until the 
crowbar activates and the 
supply current limiter kicks in. 
This voltage should be about 68V 

Tf all is well, disconnect the 
supply and replace the fuse. 
You are now the proud owner 
of a switch-mode power supply! 


Usemore, 


not useless! 

The project described here has 
taker us from ininal design 
techniques through to a 
working switching regulator 
module. The most obvious and 


immediate application for it is 


28 an incur power converter for 
a Psion 5 persoml dipizal 
assistant. Jo complete the 
project, vou will need a car 
lighter socker connector, 2 DC 
connector for the output: and a 
casé to house ir in. And there 
you have it. End of project. Or 
is it? Well, nat quite. 

Asmiall, simple, and efficient 
switching repulator has a wide 
range Of uses. These can range 
from operating other in-car 


equipmeni, iO provicling a local 
Supply inside a jarger piece of 


eqjuipment, There are literally 
hundreds of uses for chis 
moxiuile, all possible with ave or 
mo minor changes. 

The description of the design 


Figure 11. Component overlay. The circles at the corners are to aliow clearance for M3 washers. 
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of this module briefty looked ar 


: ways of modifying the cireuix for 


4¢7enneti 


eal bhatt i pbund ee Beeae eee eee 


#enaqga 


PURER PL Pb ee ed 


Seer Shidelerrce4t bhEh i ber de eh ea hi br abad 


bade, Pb Rae bebeee 


other uses, in particular, varying 
the Guiput voltage can be 
achieved in nvo ways. 

The first way is wo change the 
upper resistor, R2, in the fcedback 
neovork. Fieure 6 illustrares the 


Sieps necessary to calculare the 


new value given the desired 
oOulput voltagc: A variation on 
this approach is to make R22 
variable resistor. This would 
realise an adjustable LA power 
suppiy with all the benefits of 
this design (high efficiency, low 
output rippie, and small size). 

For example, a 22k 
potentigmeterin place of R2 
would give an ourput voltage 
range of benween 1.2V¥ and 28V 
The power source for chis 
regulator should he able to 
provide about 35V at up to LAL 
A transformer, rectifier and 
large reservoir capacitor would 
be sufiment, a5 the switching 
regulator and output filer are 
responsible for provicling a 
clean, regulated output. 

The second way of changing. 
the ourput voltage is to replace 
the vaniable ouiput regulator 
with 2 fixed output regulator. 
There are a number of 
regulators available, with 
auiputs of 3.34 54 12V and 135¥ 
They should be used ta place of 
the adjustable reguiator for 
these specific voliages. The 
important difference is that they 
do not need an-extemal 
feedback network, 25 it is 
already built into the regulator. 
On the PCB resistor R1 should 
be removed and resistor R2 
replaced by a wire dink. 

These nro simple moclifications 
turn this projectinto a jack of 
ali uscdes, with hundreds of 
possihle applications - endugh 
to fill an entire book. But this is 
2 magazine, so we will only look 
at a few uses, and leave the rest 
up 10 your creative minds. 


i - Portable Power Pack 
The high efficiency of a 
switching regulaior makes it 
ideal for banen-powered 
applications. Coupied with a 
rechargeahle battery it makes‘2 
versatile portable power pack 
for operating:a wide range of 
appliances. 

One possible use is ina 
bicycle lighting system. One 
large rechargeable batiéry can 
provide ail rhe power needed to 
run a number of LED-based 
front and rear indicators, power 
fora tunpsten-halogen fronr 
lamp, and.even a horn. Instead 
of using a lossy volrage- 
drapping resistor for each LED, 
drive them directly from an 
efficient switching supply . 
Figure 12 shaws the sort of 
scheme that could be used. 


2 - Bench Power 
Supplies 
Combining a potentiometer and 
an adjustable regulator is an easy 
way to build 2 variahle bench 
power supply The hich efficiency 
of the regulator means you only 
need a amal! heatsink, as the 
regulator body has to dissipare 
far less waste energy than an 
equivalent linear regulator. 
Fivure 13 has the details. 

The reewator itself has built- 
in thermal! shutdown and over- 
current protection. For this 
applicauion the ovcrevoltage 
crowhar circuit is not needed 
and can be left off the circuit 
board. The fuse could remain in 
circuit, protecting the reeulsior 
from excessive lord currents. 

Another way of buildine a 
bach supply is to have a 
number of fixed outpurs. These 
could provide a set of standarl 
voltages, for example 5¥ 12V 
and 15¥ The high efficiency of 
the regulators means all the 
regulators can be run from one 
supply rail with no penaley in 
Waste Cniarey. 


3 - Distributed 
Power System 


The finat idea is for builders of 
larer systems. In a svstém of 
Tnany boards or modules, 
requiring v number of different 
supply voltages, an efficient way 
of clistributing pawer is to use 2 
high-voltage common supply rail. 
Each module would then have 
it own local regulator to derve 
lite required supply voltage. 

Switching reeulators offer an 
energy-cflicient solution to this 
design challenge. The giobal 
supphy could be run at anything 
up to GOY cutting down on 
resistive hearing fosses anc 
simplifying the internal wiring. 

Adding a new module would 
simpiy mean adding another 
local regulator, not a major 
wiring exercise back to whe 
cenmil power supply 


The Final Act 


And so we come to the end of this 
projec. Having thrown back the 
shrouds of mystery surrounding 
the switching regulator, we have 
looked closely ar how it works anc 
how we ean use iz. 

As un iiustration of the issues 
covered, a complete power supply 
desien, from initial specification 
throu to final PCB artwork. 
has been presented. Finally, 
some ideas for further uses of 
this versutite module have also 
been described. 

Unnfortunatety this article. 
can hope to cover all of the 
theory. design techniques and 
applicaiions of switching 
regulators. However, there are a 
growing number of good books 
on this fascinating subject. 
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2 Switching a3 
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Figure 12. An effictent bicycie fighting system. 


A good place to start is rhe 
section on switching regulators 
in 7he Art of Electronics (order 
cade WS20W). Section 6.19 in 
the second edition stans off 
with a general introduction to 
switching resuiators, looks at a 
nuinber of topologies and 
design studies, before finishing 
with a collection of useful tips 
and advice on the selection.and 
use of switching regulators. 

Fora mare inxiepth coverage 
of this topic Keith Billings’ Sitch 


Mode Power Supply Handbook 


is an excellent choice. Ir covers 
eveything needed to desipn ali 
sarts Of switching negulators. 
For those who prefer circuits 
io theon, the Power Suppl 
Cookbook by Marty Brown at 
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RESISTORS, all 5% 0.25W unless stated, 
RE 10, 1% 


R4. 68R 
CAPACITORS 


C1,3 200uF 35V low ESR redial electrolytic. VN77) P 
C2 _.470uF 35V low ESR radiat electrolytic. VRESG 
X21X 


C4  —_100n polyester 
INDUCTORS 
11,3: 22H, 4A choke 


L2 330uH 1A ae “mode choke’ 





Figure i3. Variable bench power supply. 





Motorola is probably more 
suitable. It afso has the advantage 
of covering linear regulators and 
also resonant switching regulators 
for the more curious reader. 

As with any book topic iris 
worth browsing 3 few boaks an 
the subject to find one vou can 
readily absorip. 
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ast monih’s opening 
episode of this special 


fearure explained the 
basic operating and usage 
principles of 7-segment 
alphanumeric displays. This 
month's concluding episade of 
the article deals with practical 
7-sesment decoder/driver 1€s. 


Practical 
Decoder/Driver ICs 


Decoder/driver Cs are availible 
in both TIL and CMOS forms. 
Some of these devices have 
integral ripple blinking 
facilities, others have built-in 
data Istches, and a few even 
have built-in decade counter 
stages, etc. The rest of this 
arucle describes 2 few of the 
most popular of these devices. 


The 74LS47 
and 74LS48 


| These 7-segament decoder/driver 
ICs are members of the LS TEL 
family. They have integral 
npple-blanking facilities, but do 
not incamoare data latches, 
Figure 1 shows the functional 
diagrams and pin designations 
of these devices, each of which 
is housed in a 16-pin DIL package. 

The 7-iLS47 has activelow 
outputs designed for driving a 
common-anode LED display via 
external curreni-limiting 
resistors (Rx), as shown in 
Figure 2. The 741848 has active- 
high outputs designed for 
driving 2 common-cathode LED 
display in a.manner similar to 
that of Figure 2, bur with the 
dispiay's conmmon terminal 
iaken 10 ground. The Rx 


to 7—segment display 


Usin 
7-SEGM 


DISPLAYS 


secceces PART 2 *+e®eee¢6se sé 


Ray Marston looks at practical 
7-segment decoder/driver ICs in 
this concluding part of this special 
feature article. 





IC) 


O 74.547 
BI/RBO: 


Ret 


resistors must limit the segment 
currents ro less chan 24mA in 
the 7-4L547, and less than 6mA 
in the 74E348, The 741548 can 


: be used to drivea 7-sexment 
= “LCD display by using the 


connections already shiren in 
iast month's Figure £1, 
Noté from Figure 1 thar each 


:. Of these ICs has three input 


‘control’ terminals, these being 
desisnated LT (Lamp Test), 
BURBO, and RBI. The LT 
terminal drives all display 
outputs on when the terminal is 
driven to logic 0 with the RBO 
terminal open or at logic 1. 
When the BLRBO terminal is 
pullexl fow all ourputs are 


- blanked; this pin also functions 


a3 a nipple-bianking ourput 
terminal. Figure 3 shows how to 
connect the pple-blanking 
terminals to sive leading zero 


3 suppression on the first three 
| digits of a tdigit display: 


camrmman 


7—segment 
tED gisplay 


Figure 2. Basic way of using a 741547 IC to drive a common-anode LED display. 


BI/RBO 


Figure 1. Functional diagram of the (a) 74LS47 and (b) 74LS48 BCD-to-7-segment decodes/driver ICs, 
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To 7—segment display 








direct decoding operation, but 


BCD inputs : when LE is taken high it freezes 
: the display. 
© The 4511B can be used to 
Hundreds Units > drive most popular pes of 7- 
FatS47 . 74_sa7 segment display. Figure 5 shows 
_ bs _ the basic connections for 


diving a cammon-cathode LED 
display; a currentlimiting 
resistor (Rx) must be wired in 
series with each display 


to 7—segment displays segmen: and! musc have its 
: Value chosen to fimirthe 
Figure 3. Method of applying Ieading-zero suppresston to the first three digits of a 4-digit : segment current below 25m. 


display using 74LS47 ICs, . Figures 6, 7 and & show how 


to modify the above circuit to 
drive LED common-anode 
displays, gas discharge displays, 
and low-brightness fluorescent 
displays respectively. Nore in 
the cases of Figures 6 and 7 what 
#n npn buffer transistor must 
be interposed berwren each 
output drive segment and the 
input segarent of the display; in 
each case, Rx determines the 
opershing segment current of 





The 45118 

The most papular CMOS 
40008-serics BCD-10-7-segment 
lED-drivinge IC is the 4511B 

(also avaitable as the 

74HC4511), which bas an 

integral {-bit data latch buthas — = 
no built-in ripple-blanking : 
facilities. Figure 4 shows the 
functional diagram and. pin 
natativons of the device, which 


To 7#—seqmeni disploy 


Can use any power saurve in : 14 3 - ala sls Ry camel 
the 5V io 15¥ range. The IC is it BL Mm ob A GND the base curreni of the transisror. 


The #5115 can also be used 
10 drive Fseement liquid-cnsil 
displays by using an cxrernal 


ideally suited to driving : | Figure 4. Functional diagram and pin notations of the 45118 
common cathode LED displays, : 7-segment fatch/decoder/LED-driver iC. 


anci uses npn bipolar output 
transistor stages that can each 
source up 16 25m. 

The 45115 is very easy to use, 
and has only three input 
cantrol terminals; ofthese, the LED deploy 
nat-LT (pin-3) sin is nonnally 
tied high, but tums on ail seven 
seament of the cisplay when 
oulled low. The not-BL (pin-4) 
terminal is also normally tied 
high, but blanks (turn off} all 





7 when 
+5V to i5Vv {See text) 


seven sepments when pulled a. 

low, Finally, the LE (latch 

enable) terminal (pin-3) enables : Figure 5. Baste way’ cammion 

the IC 10 vive wither direct or : | of using the 45118 cota 
| , : : to drive a 7-segment 

Jatched decoding operation; : common-cathode 

when LE is low, the IC pives : | LED display, 





+3V to 15V 


Ts appropriocte 
*=see text anode volloge 


' STSOPPPR COPPER Gr teaceie 


?7—seqgment 
display 


disploy 


OV 


Figure 6, Driving a common-anode LED display. 


Figure 7. Driving a gas discharge reatiout. 
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+5V to t5V 


16 


Filoment 
.f supply 


To Vss or appropriate 
OV voltage below Vss 
{=Vss)} 


: > | Figure 9, Functional diagram and pin notations of the 45438 
Figure &. Driving a low-brightness fluorescent readout. : | universal 7-segment latch/decoder/driver IC. 





: swinging fully benvcen the 
: GND and Vec values) must be 
: applied to the PHASE terminal: 


common—cathode for driving common-cathode 


display LED displays, PHASE must be 
PHASE : srounded: for driving commoan- 
45438 Out A5438 Out : anode displays, PHASE must he 
, | : tied to logic high. 
GND PHASE GND The display can be blanked ar. 
common—cnode © gut time by driving the BL. 


display terminal to the lopic-1 level 


When die not-LATCH terminal is: 
> in its nonmnal high (logic-i) state, 
(b) : BCD inputs are decoded and fed 
> dirently to the 7-sexment GurpuL. 
> terminals of the IC. When the 
Figure 10. Way of using the 45436 to drive (a) common-cathode or (6) commean-anode 7-segment > notLATCH terminal is pulled 
eer > low, the BCD input signals chat 





are present at the moment ai 


squarewave ‘phase’ signal and aset : control terminals, these being =: is tied low. The state of the > transition are latched into 

of EX-OR ynites in a configuration : designated nat-LATCH, PHASE, PHASE terminal depends onthe : mémory and féd Gn decoded 
similar to chat of last month's and BL (BLANK). In normal use =: type of display that is being : form) to the 7-segment outputs 
Figure 1i. In practice, however, the not-LATCH serminal is 2) driven. For driving LCD readouts, until the: nor LATCH pin retums 
itis far betterto useai543BIC : biased high and the BLrerminal = a squarewave (roughly 50Hz. > to the hich siate. 


for chis particular application. 


The 45438 

The most popular 4000B-series 
BCD-io-7-segment LCD-driving 
IC is the 4543B {also available as 
the 74HC4543). which has a 
luift-in data latch. Figure 9 shows 
the IC's functional diagram and 
pin notations. The device 
incormporaics an EX-OR array (of 
the type shown in last manth's 
Fyure 11) is its output driver 
newvork, which can source or 
sink several millidamps of outpur 
current. This feature enables 
the IC to act ws a universal unit 
that can drive commion-cathode 
or commoan-anode LED or 





‘ 5 Symmetrical 
liquict-crystal 7-sepment displays: squorewove 
with cqual ease, as shawn in Input 
ee Figure 11. Way of using the 45438 to drive a 7-segment LCD. 

The 4543B has three input 


GIP ELECTRONICS AND BEYOND May 1999 


+5V io i5V 


To oppropriate 


*=see text anode voltage 


6 


4543B 45438 


?7—seqmeni 
display 


i Rx* 


GND PHASE 


8 


Segment 
drive 
output 


CY or 


OV OV 


Figure 12. Driving a gas discharges readout with a 45448, 





Figure 10 shows basic wiys 
of using the 4543B to drive 
common-cathoede anc 
common-anode 7-segment LED 
displays; the ’R' resistance value 
must fimit the outpur crive 
current to below JOmA per 
seement..Figure 1] shows the 
basic way of usine the 4543B'to 
drive 2 7-scgment LCD, and 
Figures 12 aru! 13 show it used 
to drive other types of 7-segment 
dispiay: in Figure 12, Rx sezs the 
segment current of the display 
and Ry sets the base current of 
the transistor (10mA Maxurivnt). 


The 4026B 


The 4026B IC is 2 complete 
decade counter with integral 
decalérdriver circuitry that can 


Decoded Outpvts 
RESER 2. 


D-stage Go 
Johnson be 
Counter 


Decoder /Driver 
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decade counter with 7-segment display driver. 
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Figure £5. Basic method of cascading 40268 ICs. 
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Figure 14, Functional diagram and pln notations of the 40268 
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Figure 13. Driving a fluorescent readout with a 45438. 


direculy drive a 7-segment. 
cammon-cathode LED dispia: 
The segment output currents are 
intemalty limited ta about 5mA 
at HOV or LOmA at 15V enabling 
ithe display can be connected 

> directly to the outputs of the IC 

: without the use of exrernal 

: currentdimiting resistors. The IC 

: does not incorporte 2 daa hitch 

: and has no faeility for ripple 

: blanking. Figure 14 shows the 
functional diaeram and pin 
nations of the 4026B. 

The -i026B has four input 
control términals, and three: 
auxiliary Output terminals, The 
input terminals are designated 
CLK (CLOCK), CLK INH 
(CLOCK INHIBIT), RESET, and 
DISPLAY ENABLE EN, The IC 
incororates 2 Schmit erigger 


‘cc 
DISPLAY / 


ENABLE IN 
CLK 


CLK 
INH 


GND 
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on its CLK input dine, anc clock 
signals do not have to be pre- 
shaped. The counter is reset to 
zero by driving ihe RESET 
terminal high. 

The CLK INH terminal must 
be grounded! to allow normal 
counting operation: when CLR 
1NH is high the counters are 
inhibited. The display is blankedl 
when the DISPLAY ENABLE EN 
terminal is grounded: the 
DISPLAY ENABLE JN terminal 
must be high for normal 
operation. Thus, in vormal 
operation the RESET and CLK 
INH tenninals are grounded 
and the DISPLAY ENABLE IN 
terminal is held positive, as 
shown in Figuce 15. 

The three auxiliary output 
rerminuls of the 4026B are 
desionated DISPLAY ENABLE 
OUT, CO (CARRY OUT), and ‘2’ 
OUT. The DISPLAY ENABLE 
QUT signal is a slighuy delayed 
eopy of the DISPLAY ENABLE 
LN input signal. The CO signal 


common 
cothode 


decode 


SPRRECO POP RSE EERE eee sade ebedereee 


Figure 16. Functional diagram and pin notations of the 4033B 
decade counter with 7-Segment display driver. 


terminals eliminated and 
replaced by ripple blanking 
input (RBb and output (RBO) 
rerminals, and with the 2" OUT 
terminal replaced with a IF 





> (LAMP TEST) terminal which 
> activates all output segments 
= when biased high. In normal 


use the RESET, CLK INH and LF 
terminals are ail grounded and 


commen 


cathode 


Figure 17. Sasic methed af cascading 40336 ICs (withaut zero suppression). 


is 2 symnmictnical square wave at 
one tenth of the CLK input 
frequency. ancl is useful in 
cascading 4026RB counters. The 
"2 OUT terminal goes low only 


ona count of 2. Figure 15 shows 


the basic circuit connections to 


be used when cascading stages. 


The 4033B 


This device (see Figure 16) can 
be remarled as a moditied 
vession of the 4026B, with the 
DISPLAY ENABLE 1N and 
DISPLAY ENABLE OUT 


= the RBI terminal is mace 


positive, as shown in Figure 17: 
this configuration docs nat 
provide blanking of unwanted 
leading ancl/or trailing zeros. 

H cascaded 4033B [Cs are 
required to vive automatic 
leatling-zero suppression the 
basic Figure 17 circuit nyust be 
modified as shown in Figure 
18, to provide ripple-Ianking 
oaneration. Here, the RBI 
tenninal of the most significant 
digit (MSD) is grounded, and 
its RBO terminal is connecteck 
to che RBI terminal of the next 


: Jeasc-stenificant stage. This 


procedure is repeated on ail 


; except the LSD, which does 


not require zero suppression. H 
trailing-zero suppression is 
required, the direction of 
nipple-bianking feedback must 
bé reversed, with the RBI 
terminal of the’ LSD grounded 
and its RBO terminal wired to 
the RBI terminal of the next 
least-significant stage, and so on. 





To 7—-segment common-—cathode LED displays 
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Figure 18. Method of modifying the Figure 17 circuit to give autamatic leading-zero suppresstan. 
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Free lunch, anyone? 
While Dixons’ Freeserve Intemet system was 
the first mainsweam free Internet service. 
(although there were other smaller free 
Internet services already available), several 
other major players now appear to be falling 
over themselves to provide consumers with 
free Internet access. Dixons already boasts 
over a million registered users of which 
around 850,000 of these are active, using the 
system regulary for emailand Web browsing. 
One of the latest, Tesco the supermarket 
piant, has recenth’ offered free Internet 
access (a all of its Clubcard loyalty card 
holders. There are araund 10 million 
Clubcard holders in the UR. so chat suggests 
whit sort of market Tesco is hoping to 
uchieve with the free service. Other free 
services such as the new Cabie & Wireless 
Freedall system, an expected new service 
from WH Smith, and British Telecom's own 
repackuged BT Glick, aré expected to 
achieve high numbers too - although it’s 
fikely that Dixons and “fesco will undoubiedly 
achieve the lion’s share of the potential 
market, simply because they are higher profile. 
free Internet services appear to be. 
tremeacious value at first sight, but chere are 
hidcten snags that potential users should: he 
made aware of. These snags - being hidden - 
won't have a direct impact on how users 
take uy) the services, but they will undoubtedly 
have an impact on the user nunrbers the 
various servicés will eventually maintain. 
First, nobody has 2 reat idea of how many 
users cin initially, or ultimately, be expected. 
So we'll estimate it, now. In the UK, as 
elsewhere, the potential market lor Intemet 
access has a distinct iimit. There are, in total, 
only 30d 
million peaple in 
ihe UR. 
Consérvatively 
catting que half of 
this number 2s 
héing 100 young 
or too ofd to 
require, wan, or 
necd Interner 
access; and 
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probable 
maximum total 


or 13 million. 
Given that 


via the vast 
majonty of 
personal 
COMpuUters is MOL 
the easiesr thing 
in the word to 
sct up and use 
yeL, its more 
likely that 2 total 
of 5 or 6 million 
Internet users 
throughout the. 
country can be 
expected to use 
the Internet 
regularly in ihe 
short-term, rising 
tthe potential 

miximum of 12 or 13 million in a few years’ 


_time. Like the birth of the fx as 2 general- 


purpose commercial tool many years ago, 
nobody has a concrete idea how the furure 
will develop regarding the Internet. Where 
only a handful of people had a fiex machine 
years back, all but a smail handful of 
businesses, and a large number of ordinary 
consumers have a fax machine now. The 
Intermet is really only in its infancy at the 
moment. If we expect Internet uscrs 10 
expand ar a similar rate then even this 
estinyate Of 22 or 13 million users may be 
shor of the mark. Such high numbers of 


regular users has a knock-on effect for us all. 
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For instance, where all these free Internet 
services leave the traditional paid-for services 
remains to be seen. Online Iriternet service 
providers fike AOL, CompuServe, and MSN, 
together with more tradizional Interne: 
service providers like Demon and UUNET, 
might see an initial fall-off of users as new 
Intemet users jump on the free bandwagon. 
Also, several existing users might jump ship 
irom a paid-lor service to 2 free one. 
However, the old atisge ‘there's no such 
thing as a free lunch’ is probably true when 
considering free Internet services. At busy’ 
times of the day it’s often cifficuk (if not 
impossibic) to get access to the Internet via 
these free Internet serviccs and, even when 
connected at other times, the service can be: 
overloaded and quite slow io respond. Afso, 
these osténsibly free services rend to charge 
premium. prices for their accompanying 
helplines. Given thar many, if not most, new 
usess they are encouraging to register are 
newcomers (0 the Internce then there will 
be many new users who require significant 
help, at least inisially. 

Also, while rhe Internet access these free 
services provide is free, the actual phore 
calls users make to logon to the services are’ 
ordinary Incal calls (indeed, this is how the 
‘free’ services make their moncy, by 
creaming from RAT a percentage of the call 
price!) which can add up to an effectively 
hidden ‘fee’ many times tanger than paid-for 
intemet services’ monthly subscriptions. In 
other words, if you use the Internet 
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regularly, then the subscription paid to a 
naid-for intemet service provider is actually 
only a very small part of your toral access 
costs. Unlike users of free services, however, 
users Of paic-for services enjoy free . 
helplines, and accessibility az all times (even 
at the busiest parts of the day). » 
Also, whether or noi you think ‘free’ 
Internet services are good, just consider the 
next step along the roacl, Already in the US 
there are Internet service providers who 
provide free computers along with free 
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Internet use, for customers who accept 
certain terms. Generally, chese terms appear 
to be in one of two ways. First, users have 10 
agree to access the Internet fora specified 
number of hours each month, provice 
demographic data for use with raneted 


: advertisers, and have the computers download 


adverts which will be permanently disphived 


on the computer sqeen. Second, users have. 


to buy gn agreed amount of advertised 
products during the contraca perioc!. 
Up to recent times, the Internet has been 


: capable to become 2 member, and all 


: with the advent of new iools to ease the way 
: for new users onto the Inremet (Apple’s iMac 


















mther like a select club, Only the technically 
competent computer user has been sufficientiy 


members have hac to climb up the same 
leaming curve tO gain admituance. However, 


computer, for example) and new Intemer 
systems like these free services which offer a 
chance io reduce overall cost marginally 
there is a new wave.of emergent Internet 
users who are there just for the fun of it. 


NEW PRODUCTS « NEW PRODUCTS » NEW PRODUCTS - NEW PRODUCTS 


We take a quick look at some interesting new products 


that are featured in the new Maplin Catalogue 












i ) You can now have all the advantages Antex have Introduced a new gas saldering Iron, the GasCat {order code 
| of switched mode power supply RDSAF, price £25.49 inc. VAT}, a compact pocket sized butane gas (lighter 


technology in a handy mains plug top 
tase. These high power AC/DC. 
adaptors are realistically priced and 

are avaliable In a wide range of - 
output voitages, Eath can be used 
» with a wide range of input valtages 
and include a short circuit protectian 
» =e systema with automatic recovery, 
These power supplies are particularly 
suited to the Velleman universal battery 
chargers featured on page 58 of this issue. 


fuel) iron for all.those applications Where a mains powered one Is unsuitable. 
The strong nylon casing will hold sufficient liquid butane for.up to one hours 
continuous use, and is equivalent to 8 7OW mains iron. The iran Is supplied 
with a mm soldering tip fitted 
as standard and ‘a protective. 
cap whith has an integral flint 
lighter (good for 900 cycles 
per fiint} and a pocket clip. A 
range of spare tips are - 
available Separately. The 
maximum torch temperature fs” 
4300°C and the maximum tip 
temperature is 450°C, 7 





SPECIFICATIONS 


Output voltage tolerance: 5% 
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Input voltage; 90 - 265V AC 
Operating temperature: O°C to 40°C a vane ‘et Jobs 
Ripple/noise (V pk-pk): 1% (20MHz bandwidth) the latest self-igniting 
E- saldering iron fram Antex 
{order code UD1I65, 









Output 
_ Voltage. 


Output 
Current 





_.Price 
inc. VAT 


Max. Output —_ er 
Voltafe ‘price £34,99 ine. VAT) iS 


ideal, being equivalent to. 







Bee gil e a oe a 12QW mains iron. The. 
PLE3T 12V 1.6A 15-17V £44.99 © — __ rn features a piezo 
PLESU 15V 13a 417-49 £14.99 ignitor and a maximum torch temperature of 1300°C; and a maximum tip 







£14.99 


ys temperature of SO0°C. On fill of butane gas (lighter fuel) will fast up to one 


hour. A range of spare tips are avaliable separately. — 
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Interne’ 


Elementary,. 
Viy Dear Watson 


Last year, the Mac's latest 
incarnation of operating 
system - Mac OS 8,5 - was 
released to unsuspecting 
Mac users worldwide. This 
month we are going to — 
highlight one of the unsung 
heroes of the software, 
that’s now on every new 
Mac computer (including 
the iMac} out of the Apple 
factory. Mac OS 8.5 has 
actually got several 
significant benefits over 
earlier releases and as a 
result has since been hailed 
as the best improvement 
that Macs could hope to 
have. For a start it is purely 
PowerPC-native. 
Unfortunately, this meant 
that older Macs (that is, 
those made earlier than 
about 1995) couldn't use it, 


so Mac OS 8.1, the previous 3 
operating system release, is 


the latest version that pre- 
PowerPC Macs could use. 
But, as a direct result, all 
the internal code of Mac OS 
8.5 is written exclusively for 
PowerPC Maes, and so runs 
much faster overall on 


those personal computers. 
Yet Mac OS 8: 5 i is better 
too in many ather respects, 
not the least of which {fs 
Sherlock. Sherlock is the 
replacement for the Mac’s 
Find feature (an already 
useful tool), that extends 
the Find ability greatly. From 
within a single tool, users 
can now search their hard 
drive for files in all the usual 
methods, with Finds based 
on any number of attributes 
such as name, size, kind, 
label, date created, date 


modified, version, comments, 


lock attribute, and folder 
attribute. Files on the hard 
drive can also be found by 
content, so that users can 
specify an item of text that 
they are searching for within 
files, and Sherlock will find 
all files with that text in. All 
pretty powerful stuff, and 
Sherlock handles them all in 
an exemplary manner, both 
speedily and exactly. 

But best of all, Mac users 
can now find things on the 
Internet teo, direct from 
within Sherlock - without a 


Web browser open ora 
search engine in sight (well, 
not exactly true, because 
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AOL And BSkyB Announce Alliance 


| AOLat wad.a0l .co.uk> and BSkyB at <wew. sky.co.uk> have announced : 


} a ‘Cross-promotiona) alliance that will bring the benefits of the nvo 
services to 2 combinect subscriber base of nearly 7.5 million. 

In 2 package of measures now being negoliaied, BSkyB will be 
eiven a significant presence on the AOL service, in exchange for 
promotion af AOL across the Sky platform, including on Sky's own 
Web site and consumer guides. 

Cross-seliing berveen the nwo services will provide AOI. anc BSkyB 
with an essential subscriber acquisition and retention too}, with new 
subscribers benefiting from special sign-up offers and promotions to 
existing members. 


As a first move BSkyB will become an anchor tenant on three of the : 
most popular AOL content Channels and will be the prémier provider : 


of news on AOL's UR Web site. 
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search engines are accessed 
in the background, as you'll 


: see now). Sherlock works in 
> this way by utilising special 


search site files, called 


> Sherlock Plug-ins available 
> from search engines. Mac 


users can download a 


Sherlock Piug-In from any 
: supporting search engine on 
> the Internet (all important 


search engines and mast 


| Others now have Sherlock 
: Plug-ins for Mac users) 
: which allows Shericck to 


focate any items accessible 
by the search engine, 


- directly from within the 


feature. To use Sherlock to 


3 search the Internet, it's 


simply a question of typing 
in the item or text phrase, 
checking the search engine 


: orengines you want to 


query, and clicking the 
Search button. Once an 
item is focated you can 


‘access it directly from listed 


hyperlinks. such that if it's” a 


/| : Web URL it can be opened in 
> your Web browser, or. if it's 


an ftp URL it'll be opened in 


> your ftp program. This is an 


SSS! Met iceperhtar OF - Sheriotk Phug-in frectsryy SS eB 





Sherlock Plug-in Directory g 
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: incredibly coo! and powertul 
: feature, and you have to use 
- {It to believe how useful, 


speedy, and direct it is. But 
that’s not all, Sheriock 
automatically checks out jts 
installed Plug-ins while you're 
using it, and reports back to 
you if it locates an updated 
Plug-in, asking you if you 
want to download it to replace 
the older version. There's 


- really nothing else quite like 


Sherlock in existence. 
Mac users with Mac 0S 


> 8.5 ar later on-board shou!d 
| checkout Apple's own listing 
: of the main search engines 

: that support and produce 

. Sherlock Plug-ins, at 


<hitp:/Awww.apple.com/sherl 


ock/plugins.htmi>, and 
- download them direct from 
there or from the search 


engines themselves, Mac 


users running earller-system 
: software should seriously 
: consider upgrading. 


Sherlock is worth the cost 


: ofthe new operating. 


system by Itself. The extra 
speed Mac OS 8.5 gives is 
just an added bonus. 
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Lycos Gets Lyrical 





Search engine 
Lycos is 
offering a new 
service that 
provides Links 
io more than 
half a million 
online songs. 
The new 
service, calleci 
MP3 Search 
after the MP3 
recording 
technology, is 
a joint Venture 
with Norvegian firm Fast 
Search & Transfer, which 


- Sones off the Internet and 
: onw their computers or’ 


specialises in image- and : portable MP3 players, 
video-compression technologies. = typically for free. Surpassing 
From popular music to : older file formats that are too 
amareur recordings, MP3 Seach = large and impractical for 
gives music fins a quick and : distributing music Over the 
easy way £0 find high quality, Web, MP3’s compressed file 


low memory MP3 recordings format requires relatively 
of their favourite sones from =: 84!] amounts of memory 
one centri location. The new 3 but sounds comparable to 
MP3 Search site contains : the quality af a compact disc, 
searchable Weblinkstaover > ‘THe Intemer has become x 
halfa million MP3 fites - 10 > hewbex! for this audio revolution 
times larger that any other as thousancts af Web sites 
MP3 file resource. MP3 Search : ave sprung up offering MP3 
is available ar <3 lycas.com>, files for download. On bow 
and accessible through the the Lycos anc HotBoi search 
Lycos.com hamepage uader | Gnpines. ior example, MP3 is 
Advanced Search. : onc of the tap five searches. 
One of the hattesi Lycos decided to enier this 
breakthroughs in audio new market after discovering 
technology, MP3 aiows users : thai MPEG was the second 
to quickly download digital = = ~™Most popular search term, 
recordings of their fvouritte = * bearen only by sex. 





Free PC Offer Deluged 


AUS start-up called Free- : Within days of making the. 
PE.com ai <wew. free-pe.com> = announcement Free-PC.com 
_ this:month announced plans: was deluged with 375,000 


to offer.consunters a free 
sub-£600 Compaq PC plus 
Internet access, in exchange 
for agreeing 10 use the 


applications. The company 
had planned to distribute 
only 10,000 PCs in the first 90 
days, starting with people 
machine at least 10 hours a who fit advertisers’ desired 
month and downloading : denidgraphics. Later on, Free- 
advertising that is displayed =: PC.com hopes w have 

in a strip on the right side of == enough computers to supply 
the screen, less affluent applicarits. 














Browser Hides ‘Personal Identity 





Zero-Knowledge 
Systems anmounces 
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Beyord, Austin Hill, president 
of Zero-Knowledge Systenis 
said, “When you browse the 
Intemet, your personal 
information is routinely 
collected and often distribute 


| A Ginddian company. called 
Zero Knowledge at * 
<ww. ZKS.net> claims to 
hive a new biéwsér-Freetiom: : 
LO, that guarantees: 
anonsTaity On the Internet. A 
43-day evelaatian copy of the without your knowletige or 
new browser will be available. : consent. With Freedom,-vou 
fom the Zero Knowledge: : can safely browse Internet sites, 
Wed site from March, 2 Participaré in puhtic discussions, 
Speaking: io Electronics and : chat and sen! e-mail”. 


Report Claims Success For Internet 


Watch Foundation 


TH thar ane 


& Asn nies 


TE Leset tiaras 


Bh C ofing Legal Mest 


XE hiert fu? 


El Remtae’ Aces 


Fhe: DTI has published a repor: on. the Internet Watch 
Foundation. (WF) at <waw, internetwatch.org.uk> by 
independent consultants KMPG and Denton Hall. The repor is 
available online at <waw.dti.gov.uk/ infrevi ew>. 

The IWF is an industey-led, selfregulacory body, ser up in 
September 1996 alter discussions betweén the Police aad Internet 
Service Providers (ISPs), facilitmied by the DTI and the Home Office. 

The report commends the success of the IWE since its 
inception in 1996, arid makes recommendations for improvement 
io keep pace with the capid developments viking place in the 
Internet industry. 

Findings show. a steady increase in the number of reports of 
potentially illegal niateria! received and processed by the IWF, 
minty trom outside the UK. 

The IWF’s structure, hotline Operations’and relationship with 
the Interest Industry; Metropolitan Police and National Criminal 
Intelligence Service were all examined as part of the review. 
Work on developing rating systems, future activities and funding 
amingements were also considered. 
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Executives Lack Sophistication In 
Valuing Online Initiatives 
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Net-Dependent Students Drive 
Availability Assurances 


Higher education institutes are 
now able to ensure that their 
students receive information via 
1e latest range af com puter- 
based data sources, Using: 
neswork performance 
manazement software, colleges 
can take a long-term, proactive 
approach to pianning FT 
requirements, enalsling them to 


: has just implemenicd a 


performance muanagement 


: SySLeM at its Central campus to 


: unalyse trends in network usage. 


and predici system performance. 
Using Net-Jell software from 


> X-CEE at “waw.x-cel.coa,uk> 


the University will be able to 
le efficient tas 


tO Pec ene pean at its 
distributed sites and colleges 
throughour Herforlshire, 


adopt new services as they : 
lecome available, 
The University of Hertfordshire : 
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Service Provider 
Free For All 


in the past month, chreé of the biegest 
names in the internet Service Provider 
(ISP) marke: - Tesco, BT and the Virgin 
Group - have abandoned their 
monthly payment business model und 
oficring 2 free service instead. 

The move toward lree Internet 
access has been sparked by five- 
monthold Freeserve operated by 
retailer Dixons, which has ateracted 
more than 1.4: million users - more 
than double the number claimed by 
its nearest competitor, AOL 





Research Programme Aids Visually Impaired 


A US University research and 
development program at 

wea. purdue.edu/odes/TAEVIS/ index.htm 
has created an online application thar 
allows visuaily impaired students to work 
with chars, graphs, diagrams, and maps. 
A drawing printed on special paper is run 
through a heater uiat causes the black 
ink lines, ‘Brailie festers and markings to 
bubble up in a raised! image. 


Welcome to 


TAEVIS 


Tactiie Access to Edocatiaga lor Vsually impaired Siedenis 
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Antex Electronics, the 
soldering equipment peaple 
who provide accessories for 
schools and colleges, hobby 
electronics and product 
servicing worldwide, has 
launched 2 new web site with 
technical tips, product 
information and prize. 
competitions. The Antex web 
site at wow. antex.co.uk 
,iicludes features on a wide 
-“ range of soldering tapics, fram: > 
Selecting products ancl 
accessories 10 techniques, 
problem solving and Safety: 
The site has.its own search 


the chance to win free, top of 
the range soidering producis 
and it-is planned to nan farther 
promotions, in conjunction 
with Maplin Eléeiwonies, through 
the web site. 

The ‘Antex product rninge 
includes electric and buriue-gas- 
powered soldering irons, spares 

and accessories produted to 
international standards: Ses 
Manager, Jan Lockhart said “We 
see the site as an important 

“> educationil tool as well as a 

_ promodonal site for ouc 
products, As a dialogue builds 
with our customers, we will be 
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eactsbee 


enpine for easy access 10 4 . : able id add more infarmatian to. 
information through dropdown =. (7: AQ) section, dealing with both UK, Furope, Americas, Africa, : help them prxluce better 
menus or. keywords; This is i produce and géneral queries. : Asia and Ausumdiasia, handing : quali and safer salderng” 
backed-up bia glossary of 2 There isaisoucomprehensive =: Antex products. : 0 Further information | 
soldering terms and a : dist, with inremeér links, to the : ‘Yo launch the new'site, Afitex: : cantact: Antex Electeonics 
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Texas Instruments at <www. ti -com> has teamed up with Liquid 
Audio at “wee. liquidaudio. com> to develop technical 
specifications fora portable music downloading device that 
would include a copyri¢ht protection feature, 

The device would be a direct campetitor.io the Rio PMP300 
device, which has raised the hackles of the music ‘industry 
because it allows the music to be replayed without paying the 


artist rovaliies. 





Internet Not Yet Driving Home-PC Sales 


Hesearching. the fiinre. 
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New research on PC 
ownership from Inteco at 
<wew. inteco.com> shows 
that, 4t the end of last year, 
around 4 quarter of: Européan 
houscholds owned a PC, still 
well behind the US, wheré 
penetration is now alnios¢t 
dotible eat tevel; with the UK 
leading the three major 
European ‘markets.’ The PCs 
owned ‘are sénerally powerful 
- 60% of households 
purchased their newest 
system within the lasl two. 
years and the majority are 
Pentiumt-based - vel only a 
minority are online, 
Prédictably, recent Buyers 
systems are more feature-rich 
ihn the PCs in the: base, for 
example almost 80% of UK: 
home-PGs are now shipped 
with #modem, Rut even 
‘among these recent PC 
buyers, who oné might 
expect to be among the most 
| eagerto gét online having 
the equipment does not 
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necesstrily Mean using it. 
However, Inteco has 
identified one crucial change, 


which bodes well for 


consumér e-commerce in the 


future? The online’ activin: of 


early adopters was driven by 


:. work-related neects: in 


S4GP ener PED e eee ed ee were p pee re 


sadepae 
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contrast, personal use 
dominates thé aniline. 
activities of recent buyers anc 
this is also now: hecoming 
true Gf the hasé in general-in 
fact, overall PC use among 
recemt bityérs; particularty i in: 
the UK is changing. drifling 
away from being-purely work 
and ‘education driven to 
reflect the increasing 
versatility Of dhe device, 
Aithough increasinghy likely 
(0 be online and'to report the 
Web as part af thelr PC 
expedence; recent buyers’ 
Intemetusage is'sdll ver’ 
much a secondary activiny. The 


proparion of buyers citing te. 
intemetas the main reason far: 


their purchase remains small. 
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Lnauhorised nenmvork entry 
can now be flazeed up in 
real-time and dealt with 
immedliatch, using new intrusion 
detection saftware.from IS5. 
RealSecure is available in 
thé UK from Security 
specialist CennuryCom ‘ar 
<wa. centurycom.co.uk>. Ix 
werts'a central administrator 
to the location and nature of 
all network violations as they 
happen, via messages 16 the 
desktop. mohile phone, e- 
mail Or pager. The software 
then automatically: assesses 
an atiack’s succéss ar failure, 
and tracks the trespasser's 
route across the enterprise. 
illegal intructers coming in 
throueh the perimeter 


Cyber-Searchlight To Snare :\E-Trespassers 
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defences, or inremally accessing 
weas of the necwork which are 
off-limits, can be intercepted 
or traced. Entry points can 
then be sealed to prevent any 
TepPercyssion. 

The sofaware forms part of 

a complete prevention and 
cure package: This combines 
realtine intrusion detection 
capabilities with ISS’ 
vulnerability assessment 
software, SAFEsuite, which 


Pinpoinis security weaknesses 


and ‘back doors’ onto the 
network. By using the no 
products together, companies 
Can get an.io-depth assessment 
of security policy, as well as 
real-time. updates as 10 its 
effectiveness. 
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Over 20 leading UK companies 
are throwing their weight 
behind a Government 
venture 10 encourave more 
studedts i take up 
ratioconmunications careers 
and meet the rapidh: 
increasing demand for radio 
frequency specialists. 

The ‘Ride the Wave’ 
Campaign, welcomed by DTI 
Telécoms Minister Michael 
Wills;-is the second phase in 
The Radio Frequency 
Engineers Education Initiative 





‘Ride The Radio Wave 





(RFEED), an educational venue 
berveen Goveérmnent and the 
radiocommunications industry. 

Spearheaded by the lunch of 
& Web site ar saw. Pfeei .org.uke 
iO encourage even more 
studenms to take up jobs in 
radio, the campaien offers 
stutients the chance to receive 
infarmation about career 
opportunities in radio, meet 
Supporting conspanics in their 
afed, get work experience and 
even work with indusiry on 
their final year projects. 


The RFLE.E TY. f 2 UK Government end Inductry Pertnership 
prompting careers in Rodis Engineering 


Icke the ferl step to o cererr in Radi Engineering .. 


Tallow the 


Tedcs on this page to find cut rates thou! how you coutd follow « 
ecreer in Reels Engineering 





University “ 
Pertnecs 


mort ae gp EEE were 84 byrrney 


¢) Pet ea? 





May 1999 ELECTRONICS AND BEYOND GLP 


=f - S 
4 * re. gia fivew 





: Yielcome to Geeasiog,Library.cam 
Yes CECI UVTTVE ASTA 4p gecBelhle cats @ coher hes Pas acres, Seo ET PEE beter. 


ee he 
" o*@. . 


— ! — — - ne , er - 
~ . - ; _ a. ae 
: SS iene 
= tf ce cel Seed gy er ogee, 04 es pee xt curt borer bea ot ret 
:, Joo Dox Gos Maeght ys 

;. - 2 feces Cer hE Nomar citi Wy wht three ats fends coup bacimer dry, ‘oa port bel 

re » verre + at ate ag pe jot bel 


ed) dopa geal cars_ gt Guiana an oo ke oo 
. eres ae a pects. § bes Se. 


SS SS 
- = Sas 


$s Cuconeatsl Seay ee, se ne eer . sencu lee meet wees weeebren car 
Ps Fide eSreeg? $f Sit She § ct fore 
a mem 





rs 7 Pyeem Loki 82 4 ey se See re ey 3s 
> oe Sr a 
= Les acy te eee ot es ed 9 Te oe 
= oy A et ee £ Oa = es * 
2 emai b Caereery Arceiee Lary “ew wr ie eres el og ee oe 


Ton b evi 
* . —_ 2 tt mat = Tre Fe he 
* eg he a oe oe, te ee Pe ee et Sort oe 
Sates aco ae 


“a ia as 
2S Se eee 
(el beet pbs ts Eg ee? 0 oe, az a) om 


el} eee 2 Tam Pog: Dee eet = St he Came tees fe Poms Doe ae eo 


ore Soh per wo 
B tore sre 


REOOPOS HAT OT EE TI AaES 





oasis 


fyou haveto interface with = 
professional printers ard 
= don't really know che 
2 difference berween saddle S| 
stitch and PostScript. Check 
out the facts firsc, then 
negotiate lower print-rates,at : 
<http://niwn.bobs.co.uk/print 
/Printkome. html >. 
Finaliy, it's getting closer, : 
andir’s as well we can all laugh : 
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We're going to make i easy 
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aljoueit:-The Millennium Bug, = aise 
otherwise known-as Y2K, that 
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For all:vou lovers of oli TY 
progs, checkout TV Cream, at 
<http: / few. ty. cream.org>. 
Here you'll find iafarraation 
aout long-leael, archaic, cult, 
and other obscure programmes. 
Not only TY progranunes, TV 
Cream houses other niedis. 
memnrabifia (00. You can even 
make suggestions for other 
links, so iFanyihing you want =: 
to see on the stte.isn’t already =: 
there, it's invourhandsto 
make it so., 5 
‘Talking of lony<lead, archaic, : 
cultzind other.obscure things, 
key. <https //wed.ang] fa.ac.uk 
/~systimk/music/bonzos> 
into your Web browser, and. 
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sieracdicd 


is? Duh-2000 is a wonderful 
site that compiles as many 
stupid things that have been 
said about the Year 2600 
a ee = problem as it possibly can. For 
== : example, a quote from U5 
Ss , Vice President Al Gore - “Haw 
could this.be.3 problem in a 
country where we have intel 
and Microsoft?”. Check it out 
and howl (with both laughter 
and despair} az 
<hitp: //wew.Duh-2006. com>. 
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where vou can search and 
locate references 15 a family 
seca Welvsire dedicated 10 the ? aime in over: 1200 ailine boats, 
Bonzo Dog Doa:Dah Band. = = qazabsases, wid other farnilys 
You've probably got to be aged: fiading resountes. The site, 
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over40 po know who the Banzos 


were, but for the benefit of 
those readers who are under. 
)* 40, 0c whorsimpiy blinked too 
often in the 1960s, they were 
the archetypal lunatic fringe. 
comedy proup, Several big 
names emerged fram mémbers 
af the Borizos, including Vivian 
Seanshall, Neil [nnes, Him. 
‘Capaldi, and Aynsley Dunbar. 
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Fimily historians have a meat in. : 


store. at GenealogyLibrary. coo, 


arterer 


available wiih a hypertink from 
http://www. fanilytreenaker.cocp 


is prodiiced by Broderbund 
Software, whose Family Tree 


Maker is-oné of the world’s most : 


popular genealogy programs. 
Ona more mundane level, 
Bob's PdnrGuideis 4 Web 
site designed to make the 
problems of professional 
printing seem 2 little less of a 
hind (ves, it’s a pun! Alright’). 
It's a good stopping off point 
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STREET PILOT @™eMUSIC CREATOR BUDGET NIGHT 
Be Catalogue Price £609.99 Ti PRO KEYBOARD @ VISION 


subscrttvers Catalogue Price £99.99 . |  —- Catalogue Price £179.99 
Price £549.99 “imme Subscribers’ Price £8qqm ‘Subscribers’ Price £149.99 
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Code 72337° Code 72334 


SCREWDRIVER SET 19 PIECEMNE SOUNDBLASTER 
; Catalogue Price £7.99 : -— DRILL Si 4 : LIVE CARD 


Subscribers’ Price £4.99 | | Catalogue: _.. Catalogue Price £149.99 

: Price £9.99 = Subscribers’ Price £139.99 
Bs Subscribers: ‘ . 

4 take ‘ia Price £7.99 
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When ordering any of these special offers which apply onty for Subscribers and new Subscribers of Electronics and Beyond, please quote your 
subscribers’ Membership number (telephone Customer Services on 01702 554002 if not sure) and the special order code number, All items are subject 
to avaitabitity. Prices include VAT. Catalogue prices refer to the 1998 Maplin Electronics Catalogue. Gverseas subscribers telephone +44 1702 554000 
Ext. 326 for carriage charges. A £3.95 Carriage Charge wilt apply to all UK orders under £30.00 (Maplin Electranics Account Holding Customers exempi}. 
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Maplin Catalogue 


Over 2,000 New Products 
Discount Vouchers worth up to £50 


Order Code CA1SV 

















including 
ficAfee Anil 
Virus Software 
Demon 30 Day Trial 
Datasheet Library 
Technical 
Computer Guides 
Order Code CQ03D 
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